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Muoh  thought  and  activity  has  already  been  devoted  over  the  yeara  to 
the  needs  of  conventional  fixed-wing  airoraft  and,  aa  a  consequenoe,  the 
poor  viaibility  landing  systems  requirements  have  been  fairly  accurately 
eatabliahed.  Although  the  sore  reoent  debates  linked  to  the  ICAO 
microwave  landing  system  (MLS)  have  endeavoured  to  enoompasa  VSTOL 
airoraft  and  helicopter  operations,  these  aspect  a  have  been  aomewhat 
more  speculative  beoausa  there  has  been  less  practical  experience  of 
them  in  poor  viaibility. 

It  may  be  useful,  therefore,  to  recall  the  essential  differences 
between  helicopter  and  conventional  fixed-wing  aircraft  operations 
which  affect  consideration  of  the  recovery  systems.  In  the  oaae  of 
fixed-wing  operations  to  run ways,  accurate  flightpath  alignment  with  the 
runway  3JDM  and  the  need  to  constrain  the  touchdown  rate  of  descent  and 
longitudinal  aoatter  at  constant  and  relatively  high  approach  speed, 
linked  tc  the  need  to  limit  the  effects  of  guidanoe  system  noise  on 
automatic  flight  control  systems  and  on  control  surface  movements, 
leads  to  the  now  familiar  azimuth  and  elevation  angular  guidanoe 
accuracy  specifications  for  ILS  and  MLS.  These  refleot  the  need  for 
high  angular  acouraoy,  stability  and  low  guidanoe  noise.  'The  provision 
of  range  information,  unless  needed  to  oompute  flare-out  guidance,  is  not 
particularly  critioals  its  use  is  then  primarily  for  monitoring  distar.ee- 
to-go,  for  control  law  optimisation,  or  for  indicating  decision  heights  on 
glidepaths  where  radio  altimeter  information  suffere  terrain  profile 
errors.  Helicopter  operations  to  small  restricted  landing  areas,  on  the 
other  hand,  are  not  critioal  in  reepeot  of  precise  approaoh  direction  or 
glidepath,  but  do  need  accurate  deceleration  guidanoe  and,  becauaa  of  low 
■peed  handling  problams  when  flying  on  instruments,  need  especially  low 
pilot  workload  guidance  displays.  The  latter  require  low  guidanoe 
system  noise,  similar  to  that  rtquired  for  fixed-wing  operations. 

The  operational  requirements 

The  probable  UK  user  applications  for  helicopter  recovery  aids  in  the 
foreseeable  future  include  Naval  operations  from  ships,  Army  and  Air 
Force  field  support,  oivil  off-shore  support  operations  end  shuttle 
flights  in  support  of  oivil  Category  II  and  III  fixed  operations.  Most 
other  helicopter  flights  over  land  can  be  made  in  reasonable  visibility 
and  in  visual  contact  with  the  ground.  Operations  to  runways  should 
present  no  unduo  problems  when  ILS  is  available,  providing  that  the 
visual  lighting  aids  are  suitable.  Restricted  sites  are  often  thought 
of  as  posing  the  need  for  steep  approach  angles  but  it  is  found  that,  in 
most  situations,  approach  angles  up  to  6°  will  suffice,  although  excep¬ 
tionally  there  may  be  sites  which  need  an  approach  angle  up  to  1 5°.  The 
most  stringent  requirement  on  guidance  arises  when,  as  in  the  Naval  case, 

3.  Harrison  is  at  the  Royal  Aircraft  Establishment  at  Bedford. 


a  small  landing  area  is  co-locatsd  with  obstructions  and,  additionally,  ship 
motion  and  manoeuvre  have  to  be  accommodated. 

The  cost-benefit  of  achieving  particular  operational  weather  minima  in 
relation  to  weather  statistics  needs  very  careful  assessment.  For  operations 
whioh  are  not  critioal  in  respeot  of  timing,  or  diversions  are  available,  annual 
percentage  weather  oocurrence  is  relevant.  For  oritical  operations,  however, 
the  likely  duration  of  individual  oocurranaes  is  the  more  relevant  aspect;  when 
transitions  to  the  very  low  visibilities  occur,  the  low  visibility  tends  to 
persist,  and  hence  a  low  peroentage  occurrenoe  can  mean  a  few  ocoasions  but 
each  being  of  long  duration.  Transitional  visibilities  tend  to  reduce  to  50  to 
100  m,or  clear  to  300  to  400  m  relatively  quickly  in  general.  The  implication 
of  this  is  that,  to  be  cost  effective,  low  visibility  aids  should  be  geared  to 
a  meteorological  visibility  of  either  about  300  m  or  50  o,  broadly  speaking. 
Typioally,  visibility  is  less  than  300  m  for  about  300  hours/year  in  the  OK. 

The  Problems  , 

The  problems  which  helicopter  reoovary  presents  in  these  low  visibilities 
fall  into  a  number  of  areas. 

If  it  is  essential  to  fly  steep  glldepaths,  then  there  is  the  danger  of 
encountering  vortex  ring  problems  if  the  rate  of  desoant  is  too  high;  if,  as  a 
consequence,  the  rate  of  desoent  is  kept  low,  then  forward  speed  must  also  be  • 
low,  thereby  increasing  the  lew-speed  handling  problems.  This  lattsr  is  a 
dsmandir.g  piloting  task  when  flying  on  ir.straaer.ts  below  the  minimum  power  speed, 
especially  ir.  crosswind  conditions.  At  night  and  in  poor  ’risibility  it  is 
difficult  visually  to  judge  range  ana  deceleration  when  the  angular  orient  of 
forward  visual  cues  is  small.  The  ITavai  environment  probably  presents  the  most 
severe  challenge  in  respect  of  the  limited  sort  eat  cf  visual  cues,  and  of  SMC, 
vibration,  salt  spray,  icing  and  radio  signal  multipath  interference  from  ship 
struoture  ar.d  sea  surface.  Ship  freedom  to  manoeuvre,  ship  motion  in  high  sea 
states, and  high  wind  conditions  make  wide  azimuthal  approaoh  guidance  ooverage 
essential.  Electronic  guidance  compensation  can  be  employed  for  ship  heading 
ohanges  but,  because  cf  sea  multipath  affects,  ship  roll  stabilisation  of 
azimuth  guidance  on  small  ships  will  probably  need  to  be  effected  physioally  to 
avoid  undue  tilting  of  the  ship  antenna  aperture  relative  to  the  sea  and  con¬ 
sequent  excessive  signal  amplitude  and  phase  distortion  across  the  antenna 
aperture.  Sea  surface  reflections  in  typical  north  Atlantic  sea  conditions 
will  cause  signal  fades  of  10  d3  or  more  at  the  shallow  ingles  corresponding  to 
low-level  helicopter  approach  paths.  The  need  to  recover  helicopters  in  fog 
or  heavy  rainfall  limits  the  electromagnetic  frequency  speotrum  praotioally 
available  to  below  about  20  0Hz.  If  the  approach  is  flown  manually,  then  pilot 
workload  -will  be  high  during  the  instrument  deceleration  unless  the  cockpit 
display  of  guidance  and  attitude  is  reasonably  noise-free  and  is  easily  and 
quickly  assimilated.  Automatic  flight  control  systems,  if  simplex,  must  have 
authority  limitation  at  the  expense  of  rapid  response  as  the  hover  is  approached 
but,  if  multiplex,  are  expensive  in  size,  weight  and  cost  of  ownership.  The 
oost-oenefit  of  low  visibility  landing  aids  is  r.ot  easily  proven  prior  to 
aocidents  occurring  and,  when  operating  economies  have  to  be  made,  it  is  easy 
to  regard  them  as  something  of  a  luxury.  The  process  of  civil  certification 
of  new  operations  must  r.ot  be  under-eetiaated. 

Recent  work 

The  aim  of  recent  work  has  been  to  evolve  a  minimum  cost  helicopter  system 
for  use  in  visibilities  down  to  50  a  whioh  is  capable  of  being  flown  manually 
and,  if  necessary,  using  existing  flight  instruments.  Any  autopilot  assistance 
should  be  no  more  than  simplex  self-monitored.  For  over-sea  operations, 
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•conomy  can  be  mads  by  utilising  the  radio  altimeter  in  conjunction  with  range 
information  to  provide  elevation  guidance.  For  the  range  and  azimuth  guidance, 
a  5  GHz  transmission  frequency  has  been  adopted,  with  interferometer  angle 
measurement  and  ranging  transponder  adjacent  to  the  landing  area.  Flight  and 
simulator  investigations  at  RAE  Bedford  have  been  followed  by  flight  trials  to 
an  off-shore  platform  and  to  ships.  This  has  enabled  fli^tpath  profiles, 
procedures,  handling  characteristics,  pilot  factors,  guidanoe,  oockpit  displays 
and  visual  aids  to  be  assessed.  A  system  has  been  evolved  ‘which  enables  the 
pilot  to  manually  decelerate  to  the  hover  with  an  acceptable  workload  when  using 
only  conventional  eieotro-mechanical  instruments.  It  employs  pitch,  roll  and 
height  directors  with  heading  held  steady  for  the  final  part  of  the  approaoh  to 
the  landing  area.  The  additional  use  of  simple  autopilot  heading  and  height 
hold  mods s, if  available, reduces  pilot  workload  to  a  very  low  level.  The  guidance 
format  for  an  integrated  electronic  dieplay  for  the  whole  terminal  navigation 
and'  deceleration  manoeuvre  is  being  developed  and  evaluated  in  flight. 
Complementary  visual  lighting  aids  for  uss  during  clear  day  and  night  approaohes 
are  being  refined,  and  the  speoial  visual  aids  to  assist  the  final  landing 
manoeuvres  following  an  instrumsnt  approaoh  to  the  hover  are  being  assessed. 

The  meohsnisme  and  magnitudes  of  sea  multipath  effeots  at  5  GHz  have  been 
etudied  and  measured  in  some  detail  as  a  necessary  input  to  the  total  radio 
system  design. 


The  as  ss  are  a 


The  salient  messages  which  have  emerged  from  the  development  and  proving 
work  to  data  of  law  visibility  helicopter  recovery  systems  oar.  be  summarised 
as  follows.  The  helicopter  handling  factors  -  stability  and  control  at  low  air 
speeds  in  adverse  winds  -  are  dominant.  The  minimum  airspeed,  when  using  only' 
visual  lighting  aids  or  only  positional  radio  guidance,  is  about  5C  kr.i  head¬ 
winds  will  reduce  the  corresponding  closing  speed.  Visual  deceleration  ever.  or. 
a  clear  night  or  dull  day  is  difficult  to  judge  correotly  when  only  the  distant 
landing  area  is  visible.  Given  well  developed  flight  directors  and  control 
laws,  manually  flown  instrument  approaches  to  the  hover  are  quite  practicable. 
Simple  autopilot  modes  give  a  very  worthwhile  benefit.  Instrument  deceleration 
require*  very  good  and  sensitive  pilot  displays  if  workload  is  to  be  kept  down 
to  an  acceptable  and  safe  level.  This  in  turn  demands  low  noise  guidance 
signals.  Accurate  range  and  velocity  guidanoe  is  crucial.  All  the  experience 
to  date  confirms  the  view  that  the  logical  break-point  between  instrument  and 
visual  guidance  is  at  or  oloss  to  the  hover.  It  follows  that  electronic  aids 
for  the  land-on  manoeuvre  are  unlikely  to  be  oost-effeotive.  Operators  will 
only  subsoribe  if  the  costs  art  reasonable,  so  that  complexity  must  be  minimised 
and  what  is  readily  available  must  be  fully  exploited. 


The  recovery  of  helicopters  to  airfield  runways, 
as  XLS,  is  essentially  a  visual  problem.  Iaprovsmen 
patterns  to  match  the  lower  helioopter  approach  speed 
inorease  higher  angle  intensity  seems  likely  to  offer 
Recovery  to  off-shore  platforms,  in  the  absence  of  an 
capability,  appears  to  warrant  the  use  of  a  visual  gl 
conjunction  with  radio  altimeter  to  deduce  range  and 
possibly  the  addition  of  an  omni-directional  visual  b 
disappearing  flare-stack. 


given  existing  aids  suoh 
ts  to  approach  lighting 
and  to  runway  lights  to 
considerable  benefit, 
instrument  deceleration 
idepath  indicator  in 
assist  deceleration,  and 
eacor.  to  replace  the 


In  respect  of  the  radio  recovery  guidance  system,  adequate  built-in  per¬ 
formance  monitoring  is  essential  if  equipment  redundancy  is  to  be  minimised,  or 
eliminated,  in  order  to  assure  adequate  integrity  ar.d  safety  and  to  minimis# 
complexity  ar.d  oost.  Guidance  system  requirements  appear  to  be  broadly  as 
follows {- 


Coverage :  Azimuth  -  ideally  360°  and  not  lot*  than  1 20 

Elevation  -  1  to  10®  at  long  rang* 

1  to  45°  at  short  ranga 

Rang*  -  minimum  lass  than  $0  m 
maximum  at  laast  5  milas 

Aoouracy*  Azimuth  -  1  to  2® 

Elavation  -  0.25°  at  long  ranga 

1  to  2  m  in  haight  at  short  ranga 

Ranga  -  3  a  at  short  ranga 

Valooity  -  2  to  3  la 

NToise  (rms):  Azimuth  -  0.05° 

Elavation  >  0.06°  at  long  ranga 
;0.7  m  at  short  ranga 

Ranga  -  1  m  at  short  ranga 

Valooity  -  1.5  lei 

Output  filters  Azimuth,  Elevation,  Ranga,  <0.3  Ha 
Velocity  <0.1  Ha 

■The  inclusion  of  a  datalink  to  permit  ground,  or  ship,  monitoring  of  the  approach 
and  a  talk-down  mode  is  clearly  advantageous.  The  system  power  budget  must 
take  account  of  typical  sustained  signal  amplitude  variations  at  5  GHz  or  t  4  to 
-  9  i2  iue  to  ssa  reflection  multipath,  reaching  -  2C  d3  on  occasions.  Radio 
altimeter  height  guidance  will  require  inertial  smoothing  to  counter  the  effects 
on  guidance  r.oisa  of  sea  motion  at  low  helicopter  speeds. 

Conclusions 

In  summary,  we  can  say  that  piloted  landings  in  low  visibility  are 
practicable  using  available  technology.  The  final  landing  from  the  hover  is 
best  achieved  visually.  An  instrument  approach  from  5  miles  to  the  hover 
requires  a  radio  system  supplemented  where  necessary  by  inertial  smoothing. 

The  key  areas  demanding  enhancement  are  the  helicopter  out-of-wind  limits  and 
stability,  pilot  displays  end  workload  and  safety  aspsots  rather  than  radioal 
advanots  in  guidanoe.  Finally,  the  complexity  and  cost  of  recovery  systems 
must  be  kept  to  a  minimum  if  operators  are  to  be  enoouraged  to  insure  their 
operations  in  rsepsot  of  landing  suocsss  snd  saJety  in  low  visibility. 


Helicopter  Guidance  and  Navigation 

1980  w ill  be  noted  as  tho  year  that  I.F.R.  operations  in 
various  overland  rolea  joined  the  already  extensive  Offshore 
applications  of  the  Sixties  and  Seventies.  This  has  been 
brought  about  by  the  advent  of  the  Twin-Engined  Executive 
helicopter  with  full  stabilisation  and  s#tat e-of-the-ar t 
Avionics . 

Whilst  Offshore  and  Onshore  detailed  requirements  may  vary, 
the  Guidance  and  Navigation  needs  fall  into  the  same  categories, 
i.e.,  a)  £n  Route,  b)  Terminal  Approach  and  c)  V.H.F.  Homing. 

It  would  be  desirable  for  the  first  two  of  these  requirements 
to  be  met  by  one  item  of  airborne  equipment. 

Existing  En  Route  Navigation  reflects  the  fact  that  helicopters 

often  operate  away  from  VQR  beacons  and  at  low  al t itudes,  and 

consequently  Decca,  Lorsn  and  the  available  VLF  services 
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provide  the  navigation  capability.  However  Precipitation 
Static  continues  to  present  a  problem  which  has  only  partially 
caen  overcome  by  '  H 1  field  antenna  improvements.  Any  future 
aid  must  include  a  OR  function  to  take  account  of  this  anet  any 
other  period  of  loss  of  signal. 

Although  the  trend  is  towards  digital  dioplay  of  position, 
track  and  speed  information  a  case  still  exists  for  a 
supplementary  flight  log  to  give  a  pictorial  representation. 

This  ia  most  useful  in  the  inter-rig  shuttle  phase  of 
Offshore  operations  and  would  also  provide  a  valuable  aid  in 
the  overland  en-route  emergency  descent  situation. 

The  capabilities  of  Airborne  Radar  have  expanded  significantly 
in  recent  years  so  that  what  was  once  a  Weather  Avoidance  Aid 
now  provides  not  only  Offshore  En-Route  Navigation  Guidance 
but  also  per  .its  Terminal  descents  to  the  lowest  minima  so 
far  experienced  Offshore.  The  continued  progress  towards 
integrating  Radar  with  a  digital  en-route  aid,  thereby  providing 
the  possibility  of  pictorial  positioning,  is  to  be  encouraged.' 


A  0  Oordoa  (Briatov  Helicopters) 


Existing  Precision  Approach  Aids  such  as  I L S  continue  to 
satisfy  aerodrome  approach  requirements,  particularly  if,  with 
a  marginal  reduction  in  Oecision  Height  approaches  can 
then  ba  completed  in  all  weathers  by  the  use  of  directional 
high  intensity  lighting. 

Away  from  the  fixed  aerodrome  the  area  open  for  maximum 
improvement  is  the  heliport,  both  Onshore  and  Offshore, 
where  constraints  of  physical  si2e  have  lead  to  the  concept 
of  the  Mobile  M.1,5.  with  minimal  aerial  array.  Even  here 
good  lighting  is  necessary  to  complete  the  transition  to  a 
visual  landing. 

An  attribute  always  associated  with  helicopters  is  Search  and 
Rescue.  Often  the  only  available  Search  aircraft  is  one  from 
the  same  base  as  the  helicopter  that  is  missing.  Both  in  the 
North  Sea  and  in  the  jungles  of  Indonesia  civil  helicopters 
are  equipped  with  Homing  devices.  Our  experience 
to  date  is  not  very  good  and  again  antenna  design  seems  to  be 
the  problem  area. 


NAVIGATION  OF  HELICOPTERS  IN  SUPPORT  OF  THE  NORTH  SEA  OIL 
INDUSTRY 

T  C  Porteoua 


When  gas  was  first  found  in  the  southern  part  of  the  North 

Sea  in  1964,  there  were  only  a  few  mobile  drilling  platforms, 
some  forty  to  sixty  miles  off  the  East  Anglian  coast.  The 
navigation  problem  was  relatively  simple  as  there  were  few 
helicopters  required  to  service  these  rigs,  and  for  the 
whole  route  outbound  and  inbound  the  crews  were  in  VHF 
communication  with  their  home  base .  This  led  to  easy  oontrol 
of  aircraft  movements  and  ensured  safety  throughout  the 
flight  as  position  reports  were  easily  made  every  ten  minutes. 
Position  was  determined  by  the  use  of  the  Decca  navlge^on 
system,  initially  by  pilots  plotting,  Decca  co-ordinates  on 
the  charts,  but  soon  the  Decca  flight  log  was  introduced 
with  its  most  useful  moving  map  display,  bn  which  the 
required  tracks  could  be  draw.’.  When  oil  was  discovered  in 
the  north,  the  exploration  rigs  were  much  further  offshore, 
but  were  not  initially  numerous.  Therefore,  the  same 
navigation  system  was  used  with  direct  tracks  being  drawn  to 
each  installation.  Separation  was  assured  by  helicopters 
flying  outbound  at  certain  heights,  and  inbound  at  other 
designated  heights.  Because  of  the  distances  involved, 
usually  between  100  and  150  miles  from  the  Aberdeen  or 
Sumburgh  bases,  HF  communications  were  used  to  make  the 
necessary  safety  position  reports  every  ten  minutes, 
although  the  flight  watch  was  invariably  transferred  to  the 
destination  Installation  when  the  helicopter  came  within  VHF 
range  of  it.  To  help  in  identifying  the’ target  rigs,  these 
installations  had  NDBs,  usually  of  different  frequencies. 
Because  frequency  allocation  was  sometimes  a  problem  and 
frequency  coincidence  happened,  NDBs  would  not  be  activated 
until  requested  by  the  helicopter  crews.  Although  initially 
most  flying  was  done  under  visual  flight  rules,  the  few 
Instrument  rated  oilots  if  flying  above  cloud,  could  use  the 
NDBs  for  procedural  led  downs. 

The  fact  that  not  all  crews  were  rated  meant  that  on  bad 
weather  days  aircraft  had  to  fly  close  to  the  ground  at 
what  ever  height  they  could  achieve  without  entering  cloud. 
This  could  have  had  a  disastrous  effect  as  the  number  of 
helicopters  involved  increased.  The  single  most  important 
development  in  recent  years  has  been  the  wide  spread 
achievement  of  instrument  rated  crews,  thus  permitting 
aircraft  to  fly  at  sensible  altitudes  so  that  an  acceptable 
air  traffic  system  could  evolve. 


Captain  T  C  Porteoua  is  Chief  Pilot  Technical  Services  in 
British  Airways  Helicopters  Ltd. 


Present 


Since  these  early  days,  the  search  for  oil  has  grown  in  intensity 
and  there  are  at  present  some  34  fixed  production  platforms  in  the 
Northern  UK  sector  alone;  In  addition  31  mobile  installations, 
excluding  diving  ships,  crane  barges,  pipe  laying  barges,  drilling 
ships,  exploration  rigs  and  fire  fighting  vessels.  All  have  to  be 
serviced,* that  is,  men  and  materials  transported  between  them  and 
shore  bases,  on  a  regular  basis.  Because  of  formalised  work 
patterns,  most  of  these  installations  need  more  than  one  return 
journey  per  day;  for  example  the  'Forties  Field,  some  110  miles  east 
of  Aberdeen,  consisting  of  four  main  platforms  and  one  ship,  has  on 
average  10-12  S61N  helicopters  to  and  from  it  daily.  Therefore, 
you  can  see  from  the  wide  scatter  of  locations  to  be  supported, 
and  by  inference  the  large  number  of  helicopter  movements  to  be 
planned,  a  traffic  system  acceptable  to  all  concerned  had  to  be 
devised,  with  accurate  navigational'  integrity.  In  the  south, 
because  there  are  few  mobile  installations  and  because  there  are 
relatively  few  helicopters  in  support,  some  9  return  flights 
from  my  company’s  base  per  day,  the  old  system  of  direct  tracks  to 
and  from  the  rigs  can  still  be  applied.  However,  an  added  hazard 
exists  in  the  form  of  military  activity.  So  special  helicopter 
zones  have  been  established  to  protect  these  helicopters  to’  a 
degree.  The  navigation  systems  used  are  Dacca,  Danac,  and  on  at 
least  one  aircraft  OMTRAC,  which  uses  VLF  radio  beacons  and  OMEGA. 
More  of  this  later.  Further  north,  out  of  Aberdeen,  there  is  an 
arc^of  offshore  installations  between  a  bearing  of  approximately 
C30w  and  120  degrees.  To  ensure  safe  separation,  all  aircraft 
going  outbound  fly  on  certain  radials  based  on  the  Aberdeen  VOR 
beacon,  and  returning  aircraft  fly  on  other  specified  radials.  For 
example,  outbound  to  the  Claymore  Field,  the  radial  is  051,  inbound 
is  054.  In  addition  to  keeping  strictly  to  this  radial  separation, 
the  aircraft  fly  outbound  at  2000  or  3000’,  and  return  at  1500  or 
2500 ’ .  At  altitudes  above  3000 ' ,  aircraft  fly  under  the 
internationally  recognised  quadrantal  separation  system;  at 
altitudes  below  1000'  air  traffic  will  fly  at  designated  hundreds 
of  feet,  and  keep  a  sharp  look  out  and  listening  watch.'  Right  up 
in  the  north,  out  of  Sumburgh, the  problem  of  track  provision  is 
different.  Moat  of  the  destination  installations  are  basically  in 
the  same  area,  that  is  the  East  Shetland  Basin.  Therefore  a 
system  of  parallel  tracks  has  been  established  for  outbound  and 
Inbound  traffic.  Complications  which  could  arise  from  different 
airfields  being  used,  like  Unst  in  the  far  north,  are  overcome  by 
having  specified  joining  positions,  and  crossing  points.  Aircraft 
from  Aberdeen  to  the  East  Shetland  3asin  must  join  this  system. 

They  do  so  from  either  overhead  Sumburgh,  or  by  joining  the  tracks 
at  specific  positions.  Most  aircraft  are  fitted  with  weather  radar 
which  have  a  mapping  mode,  and  this  helps  pilots  to  "see"  rigs  and 
platforms,  although  up  until  now  there  has  been  no  way  of 
identifying  these  targets.  However,  used  in  conjunction  with  rig 
NDB  equipment,  to  ensure  a  clear  area  ahead,  crews  can  perform  a 
letdown  through  cloud  to  make  a  visual  landing.  Unfortunately, 
there  are  so  many  installations  offshore  now  that  dedicated 
frequencies  are  hard  to  find.  I'll  talk  more  of  this  problem 
shortly. 


Now,  I'll  return  to  the  question  of  control  of  this  air  traffic.  In 
the  South  VHF  communication  with  home  base,  the  local  RAF  control 
at  Coltishall,  and  the  rigs  is  very  clear.  Out  of  Aberdeen,  the 
airfield  primary  radar  watches  over  aircraft  in  the  potentially 
dangerous  closest  40  miles,  potentially  dangerous  that  is  for 
aircraft  tend  to  converge  on  each  other.  Beyond  40  miles  and  out 
to  80  or  beyond  if  possible,  Highland  Radar  watches  the  aircraft 
with  a  secondary  radar.  Almost  all  of  the  helicopters  now  have 
,  transponders  which  identify  individual  aircraft.  Beyond  the 
range  of  Highland  radar,  aircraft  revert  to  the  flight  watch 
system,  where  they  report  their  positions  relative  to  the  Aberdeen 
VOR  every  10  minutes.  This  call  is  made  on  VHF  to  a  rig  or 
-  platform  within  range  or  on  HF  to  home  base  and  is  purely  a  safety 
device  to  let  would  be  rescuers  know  their  last  known  position 
should  they  disappear.  Out  of  Sumburgh,  the  parallel  tracks  are 
flown  by  reference  to  the  Decca  flight  log.  The  airfield  radar 
controls  aircraft  out  to  25  miles,*  Shetland  Radar,  based  on  the 
northern  island  Unst,  provides  control  out  to  80  miles  or  so,  at 
which  point  aircraft  transfer  to  the  East  Shetland  Basin  frequency 
of  Viking  control.  The  East  Shetland  3asi'n  is  a  very  crowded 
terminal  area.  Despite  this,  all  control  is  exercised  by  voice 
only;  there  is  no  radar  control  available.  Consideration  has  been 
given  to  providing  radar,  but  because  of  the  number  of  production 
platforms,  by  their  nature  producing  oil  and  gas,* it  is  ielt  that 
radiating  radars  could  cause  fire  or  explosion  hazards,  Therefore, 
to  date,  helicopters  are  controlled  only  by  voice,  reference  being 
made  to  reporting  points,  necessarily  relying  on  the  crew 
interpretation  of  existing  navigation  aids, 

I  have  mentioned  the  main  aid  to  navigation,  Decca.  The  Deoca  Mark 
19  is  a  very  reliable  equipment,  particularly  in  this  part  of  the 
world.  The  accuracy  is  needed  to  describe  precise  tracks  as 
already  explained.  The  latest  aircraft  on  the  North  Sea,  the 
Sikorsky  S75,  has  not  enough  room  on  the  instrument  panel  to  place 
the  Decca  flight  log,  and  so  crews  have  come  to  learn  how  to 
operate  with  Decca  Tans,  Tactical  air  navigation  system,  which 
uses  a  Decca  19  receiver,  and  to  do  without  a  valuable  pictorial 
representation.  The  main  value  of  the  flight  log  is  in-  being  able 
to  picture  where  other  aircraft  are  in  relation  to  yourself.  For 
example  if  an  aircraft  is  reported  at  90  miles  on  the'  087  radial, 
a  pilot  can  see  that  position  on  his  flight  log  and  relate  it  to 
his  own  position,  However  progress  is  away  from  this,  although 
other  forms  are  becoming  available.  Other  navigation  systems  are 
being  tried,  but  have  generally  proved  not  to  be  as  accurate  as 
Decca.  The  VLF/Omega  system  ONTRAC  is  in  use  on  an  aircraft  in 
^•toe  southern  North  Sea,  but  even  over  such  distances,  its  accuracy 
/  hAs  been  disappointing.  GNS  500  is  another  VLF  equipment,  and 
although  several  aircraft  have  used  it,  its  accuracy"  is  not  as 
good  as  Dacca's. 


Aiture 

So  much  for  the  present.  I  mentioned  the  difficulty  in  providing 
dedicated  NDB  frequencies  for  all  rigs.  Now  that  most  helicopters 
in  the  North  Sea  are  equipped  with  airborne  digital  weather  radars 
with  beacon  mode  capability,  it  is  possible  to  install  X-band  coded 
transponders  on  rigs,  and  perhaps  approval  can  be  obtained  to  use 
these  signals  to  identify  rigs,  rather  than  NDBs  and  develop  a 
let  down  technique  that  does  not  require  the  rig  to  be  dver  flown. 


Now  that  Tans  is  a  part  of  every  day  life ,  pilots  are  getting  used 
to  this  new  generation  of  system.  Tana  is  itself  regarded  as  an 
intrim  equipment,  with  10  wy  points  (that  is  selected 
destinations  or  turning  points;  along  and  across  track  readout 
capability,  ground  speed  and  wind  velocity  functions  plus  reversion 
to  dead  reckoning  should  the  receiver  fail.  The  advanced  system, 
Decca  Rnav,  will  have  all  of  this  plus  the  enhanced  capability  of 
100  way  points  and  will  be  capable  of  receiving  VLF,  VOR/DME  and 
Decca.  fee  use  of  the  data  link  system  is  envisaged  as  a  possible 
means  of  circumventing  the  short  comings  of  radar  control  in 
environmentally  highly  sensitive  areas.  A  series  of  trials  is 
under  way,  and  phase  one  was  satisfactorily  completed  last  April. 
During  this  trial  the  capability  of  S61  airborne  equipment 
automatically  to  transmit  signals  of  sufficient  strength  and 
quality  to  pass  useful  information  to  be  reproduced  on  a  tele¬ 
printer  was* proved.  Ranges  over  which  the  trial  was  successful 
were  up  to  SO*  miles  using  VHF  and  150  miles  HF.  The  second. phase 
of  the  trial  should  take  place  next  spring  and  will  prove  that 
relevant  information,  for  example  call  sign,  position,  altitudes, 
destination  can  be  transmitted  and  presented  in  a  form  that  permits 
use  in 'a  control  situation.  This  information  could  be  displayed  in 
tabulated  form  or,  more'  efficiently  in  my  view,  on  a  display 
similar  to  the  normal  radar  CRT  display.  This  latter  presentation 
would  be  most  advantageous  because  each  data  link, aircraft  would 
be  interrogated  from  a  ground  station  every  5  seconds,  and  Just  as 
in  the  aircraft,  the  changing  pictorial  presentation  is  of  most 
value.  There,  however,  is  the  weakness  in  the  concept;  all 
aircraft  operating  within  the  area  in  question  would  have  to  be 
fitted  with  this  equipment  if  ground  control  ware  to  be  exercised. 

I  do  not  believe  this  is  a  barrier,  because  operators  in  the  North 
Sea  have  always  shown  themselves  eager  to  improve  the  safety  of 
the  whole  operation. 

Up  tc  now,  helicopters  ‘have  lagged  far  behind  the  fixed  wing  fleets 
in  avionics  fits,  We  are  only  now  seeing  helicopters  flying  with 
flight  directors.  My  own  company  is  progressing  directly  from  the 
old  fashioned  artifical  horizon  and  compass  to  fully  coupled  flight 
directors.  We  have  a  Bell  212  based  in  East  Anglia  which  is  so 
fitted,  and  our  S76  aircraft  are  similarly  equipped.  We  have  found 
this  equipment  extremely  valuable  and  its  integrity  is  assured.  The 
equipment  flies  the  aircraft  more  consistently  accurately  than  the 
pilot  who  merely  has  to  instruct  the  system  by  heading,  height, 
rate  of  climb,  navigational  selection  inputs.  So,  we  are 
proceeding  to  where  pilot  induced  inaccuracies  are  reduced,  or 
■  completely  eradicated,  and  the  accuracy  of  equipment  is  the  base 
line.  However,  more  is  being  done,  and  the  whole  question  of 
computerised  flight  management  and  maintenance  surveillance 
systems  has  been  opened  up  with  a  view  to  providing  navigation 
information  which  can  be  fed  to  the  flight* director.  The  basic 
flight  management  system  considers  such  items  as  aircraft  weight, 
outside  air  temperature,  air  pressure  and  will  inform  the  pilots 
by  way  of  a  digital  read-out  or  CRT  presentation  what  its  altitude 
and  speed  should  be  for  best  fuel  consumption.  It  can  tell  him 
what  maximum  range  would  be  if  he  entered  icing  conditions,  or  if 
he  had  an  engine  failure. 

Maintenance  surveillance  takes  the  form  of  selected  inputs  being 
retained  in  an  aircraft  computer  to  be  either  interpreted  by  an 
engineer  directly  from  the  CRT,  or  drained  electronically  from  the 
aircraft  to  a  maintenance  computer  in  the  main  engineering  base. 


You  may  have  read  of  a  US  Coastguard  system  under  development 
which  aptly  describes  the  way  ahead.  It  combines  Navigation, 
Guidance,  Flight  Control,  Communications,  Cockpit  Controls  and 
Displays,  Sensors  and  Maintenance  monitoring  to  provide  a  total 
mission  capability.  Much  work  has  been  done  in  this  country,  and 
I  believe  that  a  British. system  will  be  flying  this  year  which 
will  be  ovary  bit  as  capable  as  the  US  one,  and  will  have  other 
features  such  as  the  ability  to  navigate  by  reference  to  NAVSTAR, 
the  Global  Positioning  System  based  on  satellite  reference. 

'  Summary 

In  summary,  then,  navigation  systems  for  helicopters  in  support  of 
the  North  Sea  oil  industry  have  taken  greet  strides  in  the  last 
15  .years  or  so.  We  have  come  from  simple,  direct  track  flying 
where  the  rig  was  identified  visually,  than  by  a  coded  NDB,  to 
sophisticated  track  systems  designed  to  ensure  safety  at  all  times. 
We  are  now  seeing  the  beginnings,  in  the  helicopter  world,  of 
aircraft  being  controlled  by  navigation  systems  which  are  merely 
selected  by  the  pilot,  and  which  are  being  more  accurately  flown 
than  in  the  past.  I  believe  we  shall  soon  see  data  link  systems  of 
reporting  and  control  in  terminal  areas,  particularly  offshore,  end 
navigation  systems  which  take  several  inputs,  the  moat  aocurate  of 
which  will  be  selected  by  the  on  board  computer  and  fed  into  the 
aircraft  system.  * 

I  do  not  see  the  pilot  being 'replaced  by  these  computers,  but  I 
do  see  these  fascinating  systems  enhancing  safety ,’  economy  and 
efficiency  beyond  anything  we  ccuid  imagine  only  a  few  years  ago. 


THE  DEVELOPMENT  OF  MADGE  AS  A  PRECISION  APPROACH  A|D 
FOR  HELICOPTER  OPERATIONS  ON  AN  OFFSHORE  STRUCTURE  . 

H.L.  Derwent  end  D.E.  Kelmore 


THe  Operational  Requirement 

Following  eerly  work  by  British  Airways  Helicopters,  the 
British  Helicopter  Advisory  Board  (3HA8)  submitted  a  "Civil  Operational 
Requirement  for  •  Helicopter  Inatrument  Approach  Aid"  to  thd  C.A.A.  ,ih 
the  mid  1960s.  In,  1969  both  NATO  and  U.K.  MOD  issued  operational  require¬ 
ments  for  s  Tactical  Landing  System  for  all  classes  of  military  aircraft , 
which  encompassed  the  civil  operational  requirement. 

Following  Might  trials  in  1976  which  involved  the  Royal 
Aircraft.  Establishment,  the  Department  of  Energy.,  Shell  (UK)  Exploration 
and  Development  Ltd. , 'Bristow  Helicopters  Ltd. ,  British  Airways 
Helicopters  Ltd.,  BHA8  and  MEL  an  optimum  flight  profile  for  the  use  of' 
helicopters  offshore  was  evolved. 

An  Appendix  was  added  to  the  BHAB  operational  requirement  in 
1978  titled  'Operitional  Requirement  for  Precision  Approach  Aid  for 
Helicopter  Operations  to  Offshore  Helipads'. 

Ststed  simply  this  operationsl  requirement  included !- 

a)  Azimuth  and  Elevation  Guidance. 

b)  Preciaion  D.M.E. 

c)  Volumetric  Coverage. 

d)  Offset  Azimuth  Approach  Path. 

a)  Offset  Glide  Slope  plus  level  segment  from  0.5  nms. 

f)  Visibility  minimum  of  300  metres. 

g)  Minimum  Decision  Height  of  100  ft.  ASL. 

h)  Multiple  Approach  Headings  (ODMc). 


Mr.  H.L.  Derwent,  Manager,  Interferometry  Division,  M.E.L. 
Mr.  D.E.  Halmora,  D.D.A.W.O.,  C.A.A. 


MADGE  System  Development 

The  basic  MADGE  military  system  consists  of:- 

Aircraft  System 

Tranami tter/Recei vsr 
Logic  Unit 
Antenna  System 
Pilots  Controller 
Display  System 

Ground  Station  .•'.Tv'...'. 

Elevation  Antenna  Unit  (Passive  Glide  Slops) 

Azimuth  Antenna  Unit  (Passive  Localiser) 

Trsnaponder  with  Omni  Antenna 

r  1  .  .  ■  •  t 

This  system  was  designed. to  provide  landing  guidance "to  all  classes 
of  aircraft  in  visibilities  of  AQO  metres  and  decision  height  of  100  f Set  ifv 
any  battlefield  environment.  The  operation  of  the  system >111  be  described,.' 

'•  '  '  •  i: 

This  system  was  demonstrated  in  prototype  form  in  1974',  1,9.75  and 
1976  at  Penzance  with  British  Airways  Helicopters  Ltd... and  in  France  and  Italy. 

The  offshore  system  was  developod  from  the  Tactical  System' and 
consists  of i - 

Aircraft  System 

Tranamitter/Receiver 
Logic  Unit 
Antenna  System 

Radio  Altimeter  Interface  Unit 
Offshore  Pilots  Controller 
Display  System 

Ground  System 

Azimuth  Antenna  Unit  (Paasivs  Localiser) 

Transponder  with  Height  Diversity  Antenna 
Offshore  Processor 
Data  Recorder  (Optional) 

Monitor  Beacon 
Turntable  Assembly 

The  operation  of  this  system  will  be  described. 

This  system  is  installed  on  the  BERYL  ’A'  Platform  of  Mobil  North  See 
Ltd.  and  in  three  Sikorsky  S61  Helicopters  of  Bristow  Helicopters  Ltd. 


. - . 


A  programme  of  Approval  and  Certification  has  been  carried  out  since 
«  the  equipment  was  commissioned  in  mid  1979. 


*  Approval  and  Certification 


The  ILS  CATEGORY  3A  partition  of  risk  and  integrity  criteria  have  been 
used  as  the  basis  of  the  General  Submission  for  the  Approval  and  Certification 
pf  the  MADGE  Offshore  System.  1  : 

,The  flight  trials  programme  will  be  described  and  current  statue  of 
the  programme  will  be  reported. 


■9V- 


I  I  • 


m 


THE  APPLICATION  QF  INERTIAL  AND  ASSOCIATED  ALTONCMDUS  GUIDANCE 
TECHNIQUES  10  HELIOOPTEBS 


By  W.H.  McKinley 


1.  Introduction.  Because  of  their  versatility  helicoptsrs  are  ussd  In 
a  Witty  of  operational  rolaa.  Consequently/  there  are  many 
different  navigation  requirements.  The  purpose  of  this  paper  is  to 
examine  these  different  navigation  requirements  and  also  to  consider 
the  extent  to  which  they  can  be  met  by  autonomous  or  self-contained 
systems. 

2.  Operational  Requirements .  Many  civil  helicopters  operate  in  highly 
developed  countries  well  served  with  standard  navigation  aids. 
Helicopters  operating  in  this  environment  have  to  carry  certain 
mandatory  radio  aids.  Consequently  there  is  not  always  a  case  to 
fit  an  autonomous  system.  However/  helicopters  are  also  used  world¬ 
wide/  particularly  in  oil  or  gas  fields.  They  therefore  require 
either  a  self-contained  system  or  a  universal  gpound-based  aid  such 
as  Onega. 

The  most  stringent  requirements  for  position  finding  apply  to 
helicopters  which  are  'used  for  survey  purposes.  The  accuracy 
requirement  is  of  the  order  of  10  metres  and  this  has  led  to  some 
interesting  work  which  will  be  described  Latar. 

Army  helioopters  operating  over  land  fly  at  extremely  low  altitudes. 
Because  they  exploit  the  terrain  by  flying  up  valleys  or  round 
obstructions/  thsy  do  not  have  a  navigation  requirement  to  follow 
pre-planned  tracks.  Thsy  do /however/  require  the  most  accuratt 
navigation  possibla  so  as  to  be  able  to  locace  themselves  continuously. 

Many  helicoptars  are  used  in  naval  operations,  largely  because  they 
can  operate  from  quite  small  ships.  They  require  a  navigation 
system  which  can  be  run  up  on  board  a  moving  ship  and  which  will  than 
give  continuous  position  data  with  the  minimum  dependence  on  ground 
or  ship-borne  transmitters. 

All  these  requirements  can  be  sunned  up  by  saying  that  civil 
helioopters  operating  in  an  airways  environment  do  not  normally 
require  self-contained  systems .  Civil  or  naval  systems  for  world-wide 
use  require  position  data  to  within  about  one  mile.  Army  helicopters 
could  use  high  accuracy  systems  if  thsy  were  available  within  stringent 
cost  and  wsight  limitations.  There  are  prospects  for  any  system 
which  can  help  survey  operations  in  territory  in  which  no  ground  aids 
are  available. 

3.  Possible  Navigation  Systems.  The  navigation  systems  which  can  be 
considered  are  either  externally  derived  or  self-contained. 

The  externally  derived  systems  are  outside  the  scope  of  this  paper. 
Apart  from  the  standard  aids  used  in  airways  systems  the  two  most 
lntsrssting  developments  are  Cmega  and  Navstar  GPS.  The  latter 
system  is  not  yet  operational  but  clearly  any  future  thinking  about 
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helicopter  systems  should  include  the  possibility  that  it  will  become 
available  on  a  wide  scale. 


The  Doppler  navigator  is  the  most  popular  self-contained  system.  The 
radiation  from  an  airborne  transmitter  is  reflected  from  the  terrain 
end  when  it  is  received  the  Doppler  shift  is  measured  to  give  two 
components  of  velocity/  along  and  across  the  aircraft  axis.  Consequently 
it  is  possible  to  relate  these  velocity  components  to  earth's  axes 
providsd  that  aircraft  heading  can  be  measured.  In  practice/  heading 
errors  dominate  the  system  error. 

The  simplest  system  for  measuring  haading  is  a  standard  aircraft  gyro- 
magnetic  compass.  Its  accuracy  is  dominated  by  that  of  the  flux  valve 
which  is  ussd  to  relats  the  gyro  hetdihg  to  the  earth's  magnetic 
reference.  More  accurate  heading  systems  make  use  of  inertial  technology. 

4.  Inertial  Systems,  An  inertial  reference  consists  of  an  aasambly  of 
gyroscopes’  an2Taooelerometer«  which  can  be  stabilised  so  as  to  measure 
vehicle  accelerations  in  two  rectangular  horizontal  axes.  Successive 
integration  of  the  accelerations  gives  velocity  and  displacement.  Current 
systems  include  a  stabilised  platform  with  gimbals  to  isolate  the 
instruments  from  vehicle  movements.  It  iS/  however/  possible  to  strap 

the  sensors  down  to  the  aircraft  structure  in  which  case  their  outputs 
includs  its  angular  movemants  and  ths  glmbal  function  is  mechanised  in 
software. 

It  is  necsssary  to  allow  the  system  to  determine  true  North  so  as  to 
relate  its  outputs  to  earth's  coordinates.  This  is  done  by  causing  it 
to  gyro-compass  and  find  North  to  within  about  six  minutes  of  arc.  The 
best  available  magnetic  references  have  accuracies  of  the  order  of  one 
degree. 

A  pure  inertial  system  is  subject  to  errors  which  propagate  with  time 
and  include  an  84  minute  Schuler  oscillation. 

It  is  possible  to  use  an  inertial  reference  in  a  hybrid  system  which  also 
has  a  second  input  of  velocity  which  may  be  from  a  Doppler  system  or  an 
externally  derived  radio  aid. 

It  is  possibla  to  update  helicopter  inertial  systems  in  one  way  which  is 
impossible  with  fixed  wing  aircraft.  If  the  helicopter  alights/  the 
velocity  seen  by  the  INS  will  be  zero  in  earth  coordinates  and  this  track 
can  be  used  to  update  the  system. 

5.  Helicopter  Inertial  References.  The  following  is  an  approximate  conparlson 
between  the  accuracies  of  a  timber  of  autonomous  systems.  They  are 
expressed  as  a  percentage  of  distance  flown.  Exact  corrparisons  are 
difficult  unless  the  errors  of  alternative  systems  are  modelled  in  the 
context  of  particular  flight  profiles. 

A  Doppler  system  based  on  a  gyro-magnetic  corrpass  has  an  accuracy  of  about 
1.51  of  distance  flown.  This  accuracy  will  be  degraded  over  the  sea 
depending  on  conditions  and  a  full  dafinition  of  such  system  behaviour  is 
outside  the  scope  of  this  paper.  A  reasonable  assumption  is  that  ths 
error  will  not  exceed  2%  of  distance  flown. 

An  inertial  navigator  operating  In  a  helicopter  should  have  an  accuracy  of 
about  ,8%  of  distance  flown.  It  is  not  possible  to  operate  inertial 
systems  from  ships  without  special  alignment  procedures  which  take 


account  of  ship's  notJ.cn.  Cns  possibility  Is  to  align  tha  inertial 
system  as  if  It  wars  a  magnetic  nfaranoe  and  operate  it  In  a  mix  with 
a  Doppler.  The  accuracy  will  start  at  the  same  level  as  that  of  a 
Doppler  system  but  as  the  airborne  alignment  proceeds  it  will  ixprova. 

The  ultimate  potential  accuracy  of  inertial  systems  is  considerably 
graater  and  it  is  possible  to  find  references  to  special  airborne  systems 
with  accuracies  of  the  order  of  .3%  of  distance  flcun. 

Finally/  inertial  survey  systams  can  attain  sub-metra  accuracy  when 
velocity  updates  are  carried  out  at  intervals  of  from  4  to  5  minutss  with 
at  least  20  seconds  spent  In  contact  with  the  ground.  The  measured 
velocity  error  is  fitted  to  a  oomputed  error  curve  which  can  either  be 
extrapolated  back  in  time  or  forward  to  improve  the  position  computation 
(prediction) . 

Conclusions.  It  has  been  shown  that  pure  inertial  systama  and  hybrid 
systams  including  IN  and  Doppler  are  both  possible.  Inertial  systams  tend 
to  be  more  accurate  and  the  technology  has  reached  the  stage  at  which 
accuracies  from  II  of  distance  flam  down  to  sub-metre  position  errors 
are  possible. 

The  inertial  ref trance  has  a  number  of  advantages  over  other  autonomous 
systems  or  external  radio  aids.  It  dees  not  depend  on  ground-based 
transmitters  and  in  military  'use  it  does  not  radiate,  feeing  thus  non- 
dst actable.  An  inartlal  sense r  can  be  integrated  into  an  avionics 
package  to  give  three  components  of  velocity  as  well  as  heading  and 
attitude  information,  ail  of  which  are  valuable  in  flight  control.  The 
sensor  output  is  smooth  and  is  therefore  ideal  for  use  in  a  hybrid  system 
having  radio  inputs  which  are  either  noisy  or  liable  to  interruption. 

Inertial  sensors  are  becoming  smaller  ar.d  lighter.  In  many  currant 
installations ,  the  weight  of  an  INS  is  about  25Kgs.  This  is  now  coming 
down  to  17Kgs  with  prospects  of  sensors  weighing  as  little  as  7Kg.  All 
inertial  systams  include  digital  conputars  and  can  thus  accept  other 
computing  tasks  as  part  of  an  integrated  avicnic  system. 

So  far  the  main  applications  of  inertial  technology  have  .been  in  fixed 
wing  aircraft,  missiles  or  space  vehicles.  The  technology  has  matured 
and  the  emphasis  is  now  on  smaller,  lighter  systems.  Tha  application 
area  has  already  extended  to  land  systems  and  inertial  surveyors.  Next- 
generation  helicopter  systama  should  provlda  new  opportunities  for  IN 
and  in  particular  for  its  inclusion  in  highly  integrated  systems. 
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Introduction 

Over  the  put  several  years,  there  ha*  been  an  increasing  emphasis 
within  tha  military  field,  on  th«  development  of  avionio*  ayatama  which 
will  improve  tha  day  tad  aifht  oparation  of  helieopters,  Thia  ha* 
followed  tha  realisation  that  tha  haliooptar  haa  an  inoreaainfly 
important  rola  to  playi  which  oaa  only  ha  fulfilled  with  a  true  all- 
waathar  capability.  Thia  paper  examines  tha  impaot  of  thaaa  require- 
maata  on  tha  low  laval  aiaaion  at  night  and  in  poor  visibility,  and 
describe*  tha  exploration  and  davalopmant  of  different  forma  of  alaotro- 
optioal  imaging  ayatana. 

In  normal  day  viaual  mataorologioal  condition!,  tha  haliooptar  ia 
designed  to  ha  used  for  a  wide  range  of  operational  missions.  This 
flexibility  of  oparation  partioularly  at  low  laval,  depends  to  a  large 
extant  on  the  pilot's  ability  to  maintain  visual  ground  contact  in  ordir 
to  identify  and  recognise  features.  When  ground  contact  is  prevented  by 
low  seen  illumination  or  poor  vleibility,  the  mission  capability  is  lost 
partioularly  for  those  missions  involving  flight  at  or  btlow  tha  looal 
ohatacli  olaaranos  laval.  To  re-establish  tha  mission  capability  under 
these  flight  conditions,  it  ia  not  sufficient  to  prasent  tha  pilot  with 
prooaaaed  flight  or  navigational  information.  Rather,  means  must  be 
devised  to  provide  tha  pilot  with  aoma  indiroot  view  of  tha  ground,  to 
ra-aatabliih  ground  oontaot  and  restore  the  miaaion  capability. 

In  tha  oommaroial  field,  there  ia  alao  growing  intaraat  in  tha 
possible  exploitation  of  military  all-weather  aide  to  improve  off-ihore 
helioopter  operations.  Thia  application  is  more  tightly  oonstrained  by 
•oonomio  consideration*,  but  this  paper  deaoribea  a  system  whioh  could 
usefully  used  as  a  aelf-oontained  approaoh  and  landing  aid  for  opera¬ 
tions  in  tha  North  Sea,  without  tha  overhead  of  an  expensive  ground 
guidanoe  equipment  installed  at  the  landing  son*. 

The  research  programme  dasorihad  in  the  paper  was  run  by  tha 
Haliooptar  Section  in  tha  Display  Siviaion  of  Flight  Systems  Department, 
mainly  using  the  Royal  Aircraft  Establishment  Sea  King  haliooptar  whioh 
was  equipped  with  a  number  of  eleotro-optioal  imaging  systems  and 
supporting  avion! oe. 

Airborne  System  Description 

Various  forms  of  night  vision  ayatama  ware  investigated  during  the 
trials.  The  first  comprisad  a  forward-looking  sxtarnally  mounted 
sensor,  driving  a  220  mm  diagonal  head  down  display  mounted  in  the  left- 
hand  instrument  panel  of  the  ooekpit.  The  early  trials  were  done  with 
this  system  to  highlight  the  fundamental  problems, of  using  a  television 
image  of  the  terrain  to  pilot  tha  vahiola,  and  to  establish  the 
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essential  requirements  of  the  ayatem  in  terms  of  oamere  field  of  view, 
resolution  and  image  magnification  presented  on  tha  television  monitor, 
together  with  the  support la;  navigation  and  guidaaoa  systems  required  to 
aohiava  an  acceptable  aafa  operation. 

For  tha  purposes  of  tht  night  vision  trials,  the  Saa  King  was  fitted' 
out  as  a  flying  laboratory  with  speeial  video  processing  and  data  recording 
facilities.  Three  types  of  sensor  were  available  on  the  airoreft.  The  nose 
of  the  Sea  King  was  modified  to  aoeept  a  Forward  Looking  Infra-Red  Sensor 
contained  within  a  panning  and  tilting  platform.  An  intenaifier  image 
Isooon  low  light  television  was  mounted  on  the  starboard  side  of  the  airframe 
immediately  below  the  oookpit.  In  addition,  for  training  purposes,  a  Vidioon 
daylight  earners  was  rigidly  mounted  in  the  corresponding  position  on  the 
portside  of  the  airframe,  eaoh  sensor  output  oould  bs  sslsotsd  individually 
on  to  ths  eleotronio  head  down  diepley  by  a  selector  oontrol  in  the  oookpit. 

To  augment  the  sensor  information,  a  symbol  generator  was  used  to  provide 
overlay  flight  information  on  the  TV  image.  This  oomprieed  height,  speed, 
heading,  attitude  and  vertical  speed.  An  sciential  part  of  the  overall  night 
vision  eyitem  waa  the  navigation  aid.  This  oomprieed  a  Soppier  and  a  gyro 
magnetio  compass  system  ooupled  to  a  TAJ1S  digital  navigation  oomputer. 

During  the  series  of  flight  trials  passive  night  goggles  were  also 
evaluated  as  an  altarnative  type  of  night  viaion  aid.  Their  advantage  over 
the  fixed  sensor  was  that  the  pilot  oould  loan  the  scene  >i  he  does  normally 
when  flying  in  day  visual  conditions.  The  goggles  gave  a  dOa  field  of  view 
of  the  outside  world  at  unity  magnification. 

The  night  vision  concept  which  combines  the  advantages  of  an  externally 
mounted  sensor,  with  the  look  around  capability  of  passive  night  goggles  is 
ths  visually  ooupled  helmet  mounted  display  system.  This  concept  to  date  has 
only  baen  evaluatad  in  a  flight  simulator,  but  will  ba  flight  tested  in  the 
Sea  King  commencing  in  early  1981 •  In  tha  normal  airborne  installation,  tha 
visually  coupled  system  oompriaee  a  head  sighting  eystam  oouplad  to  a  claim¬ 
able  platform  in  tha  nose  of  the  eiroraft.  Within  this  platform,  a  suitabls 
night  viaion  aenaor  is  mountad,  either  low  light  television  (LLTV)  or 
Forward  Looking  Infra-Red  (FLIR).  The  sighting  system  measures  pilot  hsad 
angular  orientation  in  asimuth  and  alevation,  and  thssa  signals  are  fed  to 
the  platform  ao  that  tha  night  vision  sensor  is  looked  to  the  pilot's  line 
of  sight.  The  sensor  output  is  fed  to  a  helmet  mounted  display  which 
preiente  to  the  pilot  a  collimated  soene  image  at  unity  magnification.  As  ths 
pilot  moves  hie  head,  the  platform  follows  giving  a  continuous  view  of  tha 
outside  world  aa  if  the  pilot  were  looking  through  the  wlndsoreen.  Beoause 
of  tha  alavation  oovarage,  the  pilot  oan  actually  'look  through  the  floor' 
of  the  helioopter  vertically  downwards,  Provided  potential  dlaorlantation 
effeota  oan  ba  overoomt,  the  visual  ooveraga  at  night  ia  muoh  greater  than 
with  passive  night  goggles.  This  oan  ba  vary  advantageous  during  search 
and  reaoue  missions  or  when  landing  in  a  restricted  site. 

System  Assessment 

During  the  early  TV  flights,  it  was  found  to  be  difficult  to  assess  aircraft 
height  or  speed  by  reference  to  the  two-dimensional  TV  image.  Frequent 
referanoa  had  to  be  made  to  the  airoraft's  conventional  instruments, 
particularly  the  radio  altimeter.  Also  the  pilots  were  reluctant  to  take 
their  eyas  off  the  TV  screen,  beoause  ground  features  were  best  recognised 
during  the  few  seoonde  when  they  appeared  in  the  immediate  foreground  of  the 
pioture.  For  these  reasons  overlay  flight  information  waa  added  to  the 
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forward  view  aa  this  was  fait  to  ba  aaaantial  to  tha  piloting  taalc.  The  moat 
important  piaca  of  flight  information  waa  fait  to  ba  radio  halght,  and  thia 
was  praaantad  aa  a  difital  raadout  on  tha  right-hand  aida  of  tha  TV  aoraan. 
Tha  aaoond  moat  important  piaoa  of  information  waa  fait  to  ba  heading. 

Tbit  baoama  apparant  aftar  aooa  pilota  baoama  'lort*  on  what  waa  to  than  a 
wall  known  rourta.  With  haadiaf  availabla  tha  pilot  would  know  tha  haadinf 
to  ataar  to  tha  next  known  ground  feature  without  havinf  to  aoan  aoreas  to 
tha  horizontal  aituation  indioator.  Additionally,  attitude  information  waa 
found  to  ba  aaaantial  for  orientation  purpoaaa  aapaoially  whan  flying  towards 
sloping  or  rising  ground  whan  tha  rsal  horiaon  oould  diaappaar  out  of  tha 
TV  fiald  of  view. 

For  tha  first  part  of  tha  TV  trials,  a  basic  training  routs  waa  us ad  for 
aseh  aortia.  Although  tha  avaluation  pilots  wars  thoroughly  familiar  with 
thia  routa,  navigation  from  maraory  whilst  flying  on  tha  TV  atill  provad  to  ba 
vary  diffioult.  Thara  waa  a  oontinual  oonfliot  batvaan  wanting  tha  widaat 
poaaibla  fiald  of  viaw  to  ba  abla  to  aat  aa  many  ground  faaturaa  aa  poaaibla, 
and  tha  highast  raaolution  to  idantify  thoaa  faaturaa,  which  only  oama  with 
tha  narrow  fialda  of  view.  A  oompromiaa  had  to  ba  aeoaptad,  and  baoauaa  tha 
pilota  tandad  to  favour  widar  fialda  of  viavr  for  flight  at  lowar  olaaranet 
haighta,  a  horizontal  fiald  of  viaw  of  around  10  waa  aeleoted.  Whan  flying 
at  100  ft,  foraground  faaturaa  baoama  markedly  largar  than  at  300  ft  and 
hanoa  aooa  raduotion  in  thair  aubtanaa  by  inoraaaing  tha  camera  fiald  of  viaw 
oould  ba  aooaptad  without  pilot  parformanoa  loss.  Koweve’r,  at  100  ft  tha 
who la  aapaot'of  the  terrain  waa  different.  Group a  of  treat  for  example, 
instead  of  having  a  recognisable  plan-form  took  on  a  totally  different 
vertical  aignificar.o*.  Rising  ground  ahead  oould  fill  the  pioture  with  tha 
resulting  loaa  of  the  horizon.  That#  effects  are  oommonly  txparianoad  when 
low  flying,  but  ware  greatly  amplified  whan  using  tha  TV  system.  Tha  overall 
affaot  of  rtduoing  olaaranoa  hsight  appaartd  to  ba  that  height  judgement  waa 
easier  than  at  higher  altitudes,  but  navigation  and  oriantation  more 
diffioult.  All  pilota  found  that  at  nifcht  tha  navigational  task  waa  mors 
diffioult  than  during  tha  day  training  flights  dua  to  tha  raduoad  image 
resolution  and  dependence  on  feature  oontraata  for  idantifioation.  This  lad 
to  a  greater  reliance  being  plaoad  on  tha  Doppler  TANS  navigation  ayatam  as 
baek-up,  with  tha  aafety  pilot  reading  off  range  and  bearing  of  tha  next 
turning  point.  All  pilota  found  that  at  night  they  did  not  have  tha  apara 
oapaoity  to  operate  tha  TAMS  whilst  flying  on  tha  TV  pioture.  Although  it 
was  originally  intended  to  maintain  around  90  kn  whilst  flying  at  low  level, 
tha  flexibility  of  tha  helioopt ar  waa  not  ignored  and  apaad  waa  frequently 
raduoad  whan  tha  pilot  required  additional  time  to  assess  a  situation. 

Aftar  tha  vary  promising  results  aohieved  in  tha  earlier  atagaa  of  tha 
trials  using  tha  baaio  training  routa,  flying  waa  undertaken  over  essentially 
an  unknown  piaoa  of  terrain  at  low  laval  by  night  where  the  navigation  aid 
was  auppl ament ad  by  a  moving  map  display.  Thia  moving  map  display  waa 
trp-datad  from  tha  TAMS  navigation  oomputar.  Within  tha  ooafinea  of  thia 
•advanced  flying  area'  various  routes  ware  flown  using  way  points.  In 
addition  taetioal  flying  was  undertaken  along  valleys  taking  advantage  of 
ground  oovar.  Another  feature  availabla  at  this  stage  in  tha  trials  waa  tha 
"heading  to-ateer"  diraotor  or.  tha  TV  display.  Thia  enabled  tha  pilot  to 
select  tha  naxt  way  point  previously  antarad  in  tha  navigation  oomputar, 
tha  at earing  direct ar  whan  nulled  providing  the  oorraot  aircraft  heading  to 
this  way  point. 

Over  tha  advanoad  route  flights  ware  undertaken  at  low  laval  both  by 
day  and  night.  Although  tha  work  load  and  degree  of  concentration  required 
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were  high,  they  were  wall  within  tha  pilot's  capabilities  as  evideneed  by  the 
faot  that  soma  monitoring  of  anfina  tamparaturaa  and  pressures,  and  diallinf 
in  of  naw  radio  fracruanoias  oould  ba  undertaken.  It  was  fait  that  thia  was 
aohiavsd  dua  to  tha  large  amount  of  experience  already  built  up  on  TV  flying 
along  tha  training  route.  Tha  moving  map  display  was  found  to  ba  easy  to 
use  both  by  day  and  night.  Its  oentral  position  between  the  pilots  was  not 
ideal  for  viewing  by  tha  evaluation  pilot,  but  this  only  baoaaa  a  real  problem 
whan  tha  airoraft'a  position  was  close  to  tha  edge  of  tha  map  atrip  and  tha 
pilot's  look  ahead  capability  was  temporarily  lost.  Because  the  aircraft's 
present  position  on  the  map  was  determined  by  the  combination  of  the  roller 
and  cursor  positions,  the  map  was  not  traok  orientated,  and  tha  pilot  had  to 
soan  tha  map  for  several  aaoonds  to  determine  traok  departures.  Once  tha 
desired  traok  and  eeleoted  way-points  were  marked  on  the  roller  map,  this 
problem  was  ovsroome  to  a  largo  extent.  For  unplanned  taotioel  flying 
however,  the  pilot  had  to  look  away  from  the  7*/  picture  for  several  aeconds 
to  gain  an  impression  of  alroraft  movement.  This  initially  oauasd  work  load 
problems  whioh  disappeared  as  exparienoe  increased.  When  looking  away  from 
the  TV  picture  the  pilot's  reaotion  was  to  increase  height.  Under  acme 
situations,  height  gains  of  100  ft  were  experienced ,  but  this  was  found  to 
reduce  with  pilot  learning.  With  the  addition  of  the  heading-to-ateer 
directer  on  the  17  picture  the  total  pilot  work  load  was  further  reduced  when 
flying  direotly  between  way-points.  In  this  situation  the  TANS  computer  only 
had  to  be  referred  to  for  the  aalacxion  of  way-pointa.  When  navigating  using 
the  roller  map  and  steering  directer,  the  TV  picture  was  used  to  confirm  the 
aircraft's  position  and  prsvsnt  tha  clearance  height  becoming  too  lew,  Thus 
the  TV  assumed  a  secondary  role  In  the  navigation  task.  This  situation  was 
revereed  if  a  hand-held  map  was  used.  Here  so  much  time  was  spent  undertaking 
the  navigation  task  in  conjunotior.  with  the  TV  picture  as  the  aircraft  height 
oould  not  be  monitored  satisfactorily.  This  in  turn  demanded  a  second  crew 
member  to  undertake  the  piloting.  The  aoouraoy  of  the  Doppler  TAMS  system 
was  adequate  for  all  the  night  flying  tasks,  although  only  a  10°  forward 
segment  of  the  terrain  oould  be  seen  this  was  adequate  under  most  circumstances, 
to  up-date  the  drift  in  the  Doppler  system  during  long  sorties.  Furthermore, 
if  the  TANS  and  moving  map  display  were  oorreotly  set  at  the  beginning  of  the 
flight,  the  system  did  not  need  to  re-fixed  during  a  typical  trials  sortie. 
Overall  this  would  indioate  that  a  aelf-oontained  navigation  aid  of  this 
sophistication  is  adequate  for  the  task  of  flying  a  helicopter  either  unaided 
by  day  or  with  the  assistance  of  an  eleotro-optioal  system  by  night. 

Night  Vision  Oogrlee 


In  general,  many  of  the  problems  of  the  TV  system  whioh  were  oauasd  by  the 
fixed  oamera  and  limited  field  of  view  were  overcome  with  the  night  vision 
goggles.  However,  a  whole  new  range  of  problems  was  found.  The  pilot  still 
required  information  from  the  instruments.  With  the  40°  field  of  view  bi¬ 
focal  goggles,  this  oould  be  aoquired  by  using  the  lower  near  focus  seotion 
of  the  goggle  optios.  However,  the  depth  of  field  was  not  adequate  to  allow 
the  pilot  to  use  all  the  instruments  without  leaning  backwards  or  forwards  to 
bring  them  into  focus.  Some  illumination  of  the  instruments  were  required 
and  in  many  caaes  the  minimum  setting*  were  far  too  bright  to  be  usable  with 
the  goggles.  It  was  neoeeeary  for  some  lighting  to  be  on  for  the  safety  pilot 
to  monitor  the  flight  and  engine  inatrumenta.  This  lighting  caused  reflec¬ 
tions  In  the  transparenoies  whioh  under  some  conditions  oould  obliterate  the 
pilot's  view  through  the  goggles.  Towards  the  end  of  the  trials,  a  new  system 
for  viewing  the  oockpit  Instruments  was  devised  which  eliminated  all  the 
problems  desoribed  above.  The  image  intensifier  tubes  fitted  to  the  goggles 
are  most  sensitive  to  light  with  wavelengths  towards  the  red/ infra-red  end  of 
the  spectrum.  Fortunately,  light  refleoted  from  the  terrain  at  night  is 


predominately  towards  the  same  end  of  the  spsotrua.  The  addition  of  a  red 
(minus  blue/green)  filter  to  the  objeotive  lens  of  the  passive  night  goggles 
does  not  result  therefore  in  a  serious  loss  of  performance.  In  addition,  the 
low  sensitivity  of  the  goggles  to  the  blue/green  end  of  the  speotrua  means 
that  this  colour  can  be  used  to  illuminate  the  oockpit  at  a  reasonably  high 
level  without  overloading  th4  goggles.  To  implement  this  concept ,  the  goggle 
objeotive  lenses  were  fitted  with  a  red  filter  containing  a  small  blue  tinted 
convex  lens  in  the  sentre.  The  focal  length  of  this  lens  was  chosen  so  that 
the  instrument  panels  and  oonsoles  in  ths  aircraft  would  be  in  focus.  The 
cockpit  instruments  were  then  floodlit  by  blue/green  light.  This  light  was 
accepted  by  the  small  lens  into  the  goggle  objeotive  and  rejected  by  the  red 
filter.  Because  of  the  small  siae  of  the  convex  lens  relative  to  the  total 
goggle  objective  and  the  insensitivity  of  the  image  intensifier  to  the.  blue/ 
green  light,  the  lighting  level  in  the  oockpit  was  high  snough  to  read  a 
standard  map  without  difficulty  for  the  oo-pilot  who  was  not  wearing  goggles, 
ilao  because  of  ths  smell  siss  of  ths  oonvtx  lens,  a  large  depth  of  foeus 
was  aohisved,  some  .25  metres  compared  with  .05  metres  for  ths  previous  bi¬ 
focal  arrangement.  The  advantages  of  this  system  were  as  follows;  without 
rsfoousing,  ths  instruments  and  outside  world  stayed  in  foeus  over  the 
complete  field  of  view,  stray  internal  reflections  did  not  affsot  goggle 
performance,  the  depth  of  field  when  viewing  the  instruments  was  so  great  that 
no  adjustmsntmsnt  of  the  filter  or  lens  charset  eristic  was  needed  to  cater 
for  variations  in  aircraft  conf iguration  or  pilot  si2t.  In  addition,  the  orsw 
m amber  not  wearing  goggles  could  use  tha  navigation  system,  and  moving  map 
display  with  little  difficulty,  whereas  before  in  order  to  read  the  moving 
map  or  tha  TANS  computer,  th#  self-luminous  readouts  had  to  be  turned  to  a 
minimum  and  then  only  turned  up  when  required  to  be  read  by  the  co-pilot. 
Overall  the  navigation  system  required  for  use  with  night  goggle*  was  found 
to  be  the  seme  u  for  the  fixed  sensor  system.  Although  the  goggles  allowed 
full  look  around  capability  this  did  not  obviate  th*  need  for  th*  roller  map 
display,  because  the  pilot  wearing  th*  goggles  oould  not  undertake  th*  full 
piloting  and  navigation  task  ovsr  unknown  terrain  without  issistanos  from  th* 
ssoond  orsw  msmbsr  who  rslitd  on  ths  automatic  up-dats  of  th*  rolltr  map 
since  he  oould  not  himself  see  th*  outside  world. 


The  flying  undertaken  with  th*  passive  night  vision  goggle*  demonstrated 
that  they  offer  a  viable  alternative  solution  to  ths  night  piloting  problem. 
Although  having  a  theoretically  lower  performance  capability  than  low  light 
television  or  forward-looking  infra-red  they  can  be  used  down  to  oomparabl* 
lighting  conditions,  possible  due  to  their  unity  image  magnification  and  the 
ability  to  soan  the  scene. 

Helmet  Mounted  Display 

The  flight  aimulator  trials  demonstrated  the  feasibility  of  this  type  of  system 
for  piloting  a  hsliooptsr  at  low  levsl.  Th*  main  advantage  of  the  system  is 
that  it  provides  th*  pilot  with  a  complete  look-around  capability,  where  th* 
area  of  ooverag*  ia  diotated  solely  by  th*  platform  freedom.  In  addition, 
th*  night  operating  capability  ia  determined  by  th*  platform  mounted  aenaor, 
which  is  not  constrained  by  aperture  size  and  unit  weight  in  th*  same  way  as 
the  passive  night  goggles.  The  main  human  factors  problam  is  that  the  image 
ia  injeoted  into  on*  eye.  This  causes  binocular  rivalry  which  could 
produo*  eeriou*  flight  safety  problem*  when  operating  at  low  level.  It  was 
concluded  that  th*  development  of  a  biooulap  viewing  system  was  mandatory  if 
th*  visually  coupled  system  was  to  be  operationally  viable.  Tb*  trials  also 
demonstrated  that  overlay  flight  information  on  th*  image  from  the  helmet 
display  was  essential  if  pilot  disorientation  was  to  be  prevented.  The  trials 
also  demonstrated  that  platform  slew  rates  and  aooelsrations  were  critical 


in  maintaining  orientation  and  it  was  found  that  in  order  to  prevent  perceiv¬ 
able  la*  behind  pilot  head  movement,  the  platform  required  an  angular  accelera¬ 
tion  of  the  order  of  900  -  1000°  per  second2  to  reach  a  rate  of  120°  per 
aeoond*  The  system  also  had  to  be  critically  damped  to  prevent  over-shoot 
or  under-shoot.  When  system  lags  were  present,  the  pilot  was  forced  to 
reduce  his  head  rotation  rate  to  keep  the  platform  in  step,  and  this  not  only 
added  to  the  general  task  level,  but  prevented  the  pilot  identifying  targets 
of  opportunity.  This  problem  was  highlighted  when  flying  at  very  low  level, 
sxnoe  small  undetected  descent  rates  could  quickly  increase  whilst  the 
pilot  was  looking  off  traok,  resulting  at  best  in  large  uncontrolled  collec¬ 
tive  inputs,  and  at  worst  in  a  crash. 

Navigation  was  not  a  problem  using  the  helmet  display  when  a  pre-planned 
route  was  followed,  and  the  way-point  number,  range  to  that  way-point,  and 
the  heading  to  steer  were  presented  on  the  overlay  symbology,  together  with 
the  basic  flight  information.  Unplanned  navigation  over  essentially  unknown 
terrain  was  only  possibls  as  a  two-craw  operation,  ainos  the  pilot  was  unable 
to  rsad  a  map  successfully  with  the  left  eye  and  relate  this  to  the  outside 
world  image  in  the  right  eye. 

Approach  and  Landing  Aid 

One  aspect  which  has  not  bean  discussed  hitherto  in  this  paper,  is  the  use  of 
an  external  sensor  as  an  approach  and  landing  aid.  During  the  trials  of  the 
system  fitted  to  the  Sea  King  it  was  found,  that  an  alt  amative  approaoh 
technique  had  to  be  developed  to  prevent  the  run way  disappearing  out  of  the 
aaaera  field  of  view.  Normally  during  an  approach  tha  halicoptar  is  fiarad 
several  degrees  nose  up  to  wash  forward  speed  off.  Without  a  tilting  facility 
on  the  sensor  this  would  mean  that  the  landing  sone  was  lost  to  the  pilot's 
field  of  view.  To  prevent  this  the  speed  was  vashsd  off  very  slowly  aver  a 
longar  distance  during  tha  approach  phasa  so  that  attituda  changas  wars 
minimised.  This  kept  tha  landing  sons  itself  in  the  oentre  of  the  sensor 
field  of  view  continuously.  The  hover  and  landing  phase  was  found  to  be  very 
difficult  initially  using  the  two-dimensional  TV  image.  Pilots  axperiancad 
difficulty  in  resolving  the  difference  between  forward  movement  descending  or 
pitching  nose  down.  Similarly  in  azimuth  it  was  difficult  to  initially  tell 
the  difference  between  a  heading  change  and  a  lateral  displacement.  After 
some  flight  experience  eaoh  participating  pilot  found  that  it  was  possible  to 
land  the  aircraft  safely  with  sole  reference  to  the  T7  display. 


This  system  oonoapt  has  aroused  considerable  interest  from  a  number  of 
oommeroial  organisations,  sinoa  it  is  seen  as  a  viable  approaoh  and  landing 
aid  for  poor  weathar  off-ahora  operations.  Tha  forward-looking  infra-rad 
■anaor  has  tha  ability  to  penetrate  certain  types  of  sea  mist  and  fog. 

Coupled  with  a  heat  eouroe  at  tha  landing  zona  it  may  be  feasible  to  use  this 
type  of  tensor  to  lower  the  weather  minima  for  helicopters  approaching  and 
landing  on  gas  or  oil  rigs.  Flight  trials  to  investigate  this  system  oonoapt 
further  will  be  oarried  out  during  1?8l  using  the  Sea  King  helicopter  with 
its  currently  installed  forward-looking  infra-red  sensor  mounted  on  a  panning 
end  tilting  platform. 


POSSIBLE  TECHNIQUES  FOR  WIRE  DETECTION 

K  E  Potter 


Introduction.  The  problem  of  helicopter  wires trike*  has  existed  for  many 
years  and  has  been  costly  both  in  terms  of  military  hardware  and  human 
lives. 


The  overhead  wire  being  a  smooth  linear  filament  is  not  detectable  by 
conventional  microwave  radars  and  so  other  techniques  must  be  considered. 
In  this  paper  three  possible  techniques  will  be  described  : 

1 .  mm.  wave 

2.  Faosive  detection  system 

3.  TO-  laser  system 


Accident  statistics  show  that  the  hi-h  da-ass 
are  attributable  to  collisions  with  overhead 
the  thickest  of  all  cables.  A  large  effort 
solving  this  particular  problem. 


categories  and  hsr.ce  cost 
cower  cables  since  these  are 
has  therefore  been  devoted  to 


rnm-wave  detection  system 


Power  cables  are  generally  of  a  wrapped  construction  ccmprisir. 
tensile  steel  core  surrounded  by  aluminium  s-.rar.ris  which  carry 

as  seen  in  Fig  1 . 


a  high 
the  current 


One  method  of  detection  is  to  shine  a  high  frequency  mm-wave  radar  onto 
the  cable.  In  addition  to  the  specular  return  at  normal  incidence  there 
will  be  returns  at  other  angles  whet;  the  path  length  difference  between 
strands  is  a  multiple  rf  half  a  wavelength.  Fig  1  shows  the  principle  at 

Q-band  for  which  the  returns  are  approximately  2C»  apart.  In  principle, 
therefore, it  should  be  possible  to  identify  a  power  sable  using  a  pattern 
recognition  algorithm  which  operates  on  these  secondary  returns. 


Of  paramount  importance  when  considering  the  feasibility  of  this  system  is 
the  magnitude  of  the  secondary  rtturns.  Fig  2  shows  the  radar  croaa 
section  per  metre  as  a  function  of  Incidence  angle  for  a  2.86  cm  diameter 
British  power  cable.  It  is  seen  that  the  first  grating  returns  occur  at 
♦  20°  and  are  1 5dB  down  on  the  main  return.  The  second  returns  are  about 
?5d3  down  and  occur  at  +  43°.  Field  trials  carried  out  using  an  experim¬ 
ental  Q-band  radar  showed  that  the  secondary  returns  were  detectable. 
However,  as  might  be  expected,  in  view  of  the  20°  spacing  of  returns  the 
overall  operation  of  the  system  was  poor  since  for  ranges  one  might  use¬ 
fully  «moloy  (around  1  km)  an  insufficient  length  of  cable  was  visible  to 
see  all  returns  due  to  masking  by  trees  etc.  Indeed,  at  1  km  range  the 
pylons  themselves  are  only  2C5  amart. 

However,  with  the  principle  established  sore  successful  results  -ight  be 
forthcoming  at  higher  frequencies.  For  example  in  the  ^4CGHz  window  the 
_  returns  are  every  3°  and  in  the  2200Hz  window  thev  are  3°  apart.  In 
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addition  to  ths  cloa«r  spacing  of  secondary  returns  at  higher  frequencies,  there 
la  some  evidence  that  the  scattering  from  cables  starts  to  become  diffuse  rather 
than  entirely  specular.  Fig  3  shows  what  one  might  expect  to  see  at  220GHz  at 
1  km  range  on  a  C-scan  radar  display. 


Passive  detection  system 

This  technique  uses  the  fact  that  many  collisions  are  occurring  in  peace  time  for 
which  the  cables  are  live  and  current  carrying, and  so  a  passive  technique  has 
been  developed  to  give  warning  of  such  cables. 

A  study  of  the  two  fields  surrounding  live  cables  shows  that  there  is  s  larger 
energy  density  in  the  magnetic  field  than  in  the  eleotric  field  which  together  . 
with  the  ease  of  coupling  this  energy  using  a  coil  makes  it  an  obvious  choice. 

The  fields  from  3  phase  overhead  lines  are  quite  complex,  and  their  exaet  magni¬ 
tude  and  range  law  depend  strongly  on  the  chase  rotations  and  balanoe  between 
phases.  For  example  in  a  perfeotly  balanced  system  at  5CCm  range  and  with 
identical  phase  rotations  the  horizontal  component  of  field  is  two  orders  of 
magnitude  larger  than  the  vertical  component  and  falls  off  as  1/32.  The  vert¬ 
ical  component  falls  off  as  1/33. 


For  -a  more  realistic  overhead  line  in  which  there  is  a  phase  unbalance  of  random 
rotation  of  phases,  Fig  4  is  a  topical  result.  Ir.  this  case  the  vertical  comp¬ 
onent  of  fieid  is  larger  than  the  horizontal  gomponent  and  falls  off  as  '/?. 
whereas  the  horizontal  field  falls  cff  at  1  '?.w  as  before.  Also  shown  in  Fig  4 
is  a  range  of  measured  values  at  pCCra  giving  an  average  flux’ density  sf  “nT. 


The  operational  philosophy  of  the  system  is 
using,! 2  orthogonal  coils  and  oo  use  the  magr. 
switch  to  indicate  the  proximity  cf  a  cable, 
when  of:  -u '.fie tent  magnitude  is  then  used  to 
the  oik,  ■) . . 


o  detect  the  composite  vests?  field 
tudt'of  this  to  trigger  a  threshold 
The  horizontal  component  :f  field 
indicate  the  likely  direction  of 


A  block  diagram  cf  the  direction  indicating  system  is  shown  in  Fig  5.  A  horiz¬ 
ontal  field  of  ^nT  (Fig  4)  gives  a  resulting  3  ‘N  ratio  of  typically  JCdS.  The 
two  horizontally  sensing  coils  produce  outputs  proportional  to  3  sin  9  and  3  cos 
0.  These  are  then  pre-amplified  and  filtered  using  an  active  filter  centred  on 
50Hz  with  a  bandwidth  of  ^Hz,  and  then  rectified  using  op-amp  rectifiers  having 
linearity  from  0,5 mV  to  10V  rms.  The  two  resulting  signals  are  applied  to  a 
ratio  A/D  converter  having  4  outputs  on#  of  which  will  exclusively  carry  a 
logical  '1'  depending  on  the  ratio  of  the  two  signals  i.e.  depending  on  the  tan¬ 
gent  of  the  angle.  The  changeover  angles  for  the  outputs  are  9  •  15,  u3  sad  75° 


Unfortunately  the  same  output  will  be  energised  for  9  either  +ve  or  -ve,  which 
would  lead  to  quadrant  ambiguity  of  flux  direction.  This  may  eaaily  be  removed 
by  realising  that  the  relative  phases  of  the  two.  A-C  signals  depend  on  the  sign 
of  the  flux  angle.  One  method  of  phase  comparison  is  to  use  a  multiplier  follow¬ 
ed  by  an  open  loop  op-amp.  The  output  will  be  a  logical  level  according  to 
whether  the  signals  are  in  phase  or  out  of  phase. 

This  signal  can  then  switch  the  ambiguous  outcuts  of  the  A/D  converter  in  the 
quadrant  selector  to  drive  the  appropriate  seg-ent  of  the  display  panel.  In 
flight  trials  to  date  an  experimental  system  has  given  good  direction  indication 
at  ranges  in  excess  of  500m  which  is  adecuate  for  observation  and  clearance 
manoeuvres. 


CO^  laser  detection  system 

The  CC^  laser  is  attractive  for  the  following  reasons 

i)  Small  beamwidtha  in  the  order  of  1  mrad  can  be  achieved 'from  small  apertures 
typically  3  cma  dia.,  resulting  in  a  large  amount  of'intercspted  energy  even 
by  small  wires. 


72. 


ii)  Du*  to  th*  surface  roughs***  of  wi res  comp*r*d  to  10.6  pm  on*  can  d*t«ct 
*11  types  of  wire  and  not  simply  power  cables  or  cable*  having  a  regular 
mechanical  structure. 

ill)  Compared  to  other  laser  wavelengths  the  atmospheric  attonuaticn  is  low. 

For  example  at  300m  visibility  it  is  16  dE/ka. 
iv)  The  technology  is  relatively  advanced  in  term*  of  size,  weight,  efficiency 
etc. 

v)  Th*  system  is  eyesafe,  at  least  for  powers  envisaged  for  this  system.  • 

ti) 

Th*  recent  LOTAWS  program  first  demonstrated  the  ability  of  a  CC2  laser  to 
detect  a  fine  wire. 

The  usual  field  of  view  requirement  for  cable  warning  is  90°  in  azimuth  by  45° 
elevation  and  since  moat  cables  are  horizontal,  and  also  to  simplify  calculations 
a  vertioal  soan  format  is  proposed  as  shown1 in  Fig  6.  To  determine  the  p.r.f. 
of  the  laser  one  must  determine  two  parameters 

i)  The  vertical  scan  spacing  in  azimuth’ shown  as  1  0  in  Fig  6. 
ii)  The  elevation  scan  density  represented  by  the  oirdea. 

The.  former  is  best  appreciated  from  a  consideration  cf  a  typical  dangerous  situ¬ 
ation.  The  usual  requirement  is  that  th*  pilot  be  given  10  secs  of  warning  of 
wires  which  together  with  typical  flying  speeds  results  in  a  warning  distance  of 
— »^CCm. 


Fig  "  shows  a  pilot  faced  by  two  trees  at  this  minimum  warning  distance  with  the 
qrees  separated  by  twice  the  rotor  diameter.  Vnier  normal  circumstances  th* 
pilco  would  not  hesitate  in  flying  between  the  lines.  However,  if  he  knew  that 
a  wire  was  strung  between  them  he  would  wish  to  avoid  the  area.  In  order  to 
provide  this  information  we  may  postulate  that  it  must  be  cut  at  least. three 
times  or  '  vertical  scan  every  1 .3°' azimuth. 

Turning  tc  the  problem  of  elevation  scan  density,  intuitively  one  would  expect 
this  to  be  quit*  high  so  as  not  to  miss  any  cables.  A  detailed  analysis  of  the 
cumulative  probability  of  detection  of  a  cable  in  one  vertioal  scan  gives  the 
best  power, -'probability  compromise  as  1  pulse  every  transmitter  beamwidth,  i.e. 
th*  beams  overlap  at  their  -3d3  points, 

These  two  parameters  together  with  a  preferred  fra"*  time  of  1.5  secs,  and  a 
0.5  mrad  beamwidth  gives  a  required  laser  p.r.f.  of  around  100kHz. 

The  prime  task  of  the  laser  cable  warning  system  is  to  successfully  detect  the 
cable  on  a  sufficient  number  of  vertical  scans  that  it  can  be  identified  as  a 
cable  i.e.  either  by  an  observer  or  automatically. 

One  may  postulate  that  detecting  4  out  cf  5  scans  with  a  certain  probability  ? 
(say)  will  result  in  identification  and  we  may  call  this  the  probability  of 
identifioation. 

Table  i  show*  typical  parameters  fer  wire  detection.  The  target  is  a  3. 5am 
'diameter  Army  field  wire  having  Overling  2  fading  characteristics  at  an  incidence 
eagle  cf  cO  ,  The  visibility  is  21Cra  and  th*  warning  time  is  1C  secs.  It  may 
be  shown  that  for  high  probabilities  of  identification  requiring  high  single 
pulse  3/?’  ratios,  direct  detection  is  more  efficient  than  heterodyne  detection, 
a  0.9999  probability  of  Identification  being  attainable  with  a  4  kW  peak  laeer 
power.  "sing  a  100  ns  puls*  width  giving  15m  rang*  resolution  the  mean  power 
is  36  > . 


The  processing  and  display  will  ba  aloilar  to  the  mm-wave  system  requiring  a 
pattern  recognition  algorithm  to  identify  the  cables. 
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Fig  1  mm»  wava  cable  detection  principle 


Fig  2  Radar  cross  section  measurements 
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ABNORMAL  BEHAVIOUR  OF  DOPPLER  NAVIGATION  SYSTEMS 


Trevor  Grey 


Introduction  A  Doppler  system  used  as  a  navigation  aid  lor  helicopters  will 
normally  provide  navigational  information  with  an  error  of  the  order  of  1%  •  2% 
of  distance  travelled  when  a  good  quality  gyro  magnetic  compass  is  used,  the 
error  falling  to  well  below  1%  if  inertial  quality  heading  can  be  provided. 

It  is  not,  however,  with  normal  conditions  that  this  paper  is  concerned  but 
rather  with  an  unusual  condition  which  occurs  only  very  occasionally  but  which 
can  produce  very  misleading  information  unless  appropriate  measures  are 
adopted.  The  main  purpose  of  this  paper  is  to  publicise  this  effect  which  does 
not  appear  to  be  widely  known.  The  effect  is  associated  with  flight  over  a 
particular  type  of  water  surface  and  will  now  be  examined. 

Operation  over  Water  Some  increase  in  error  is  to  be  expected  from  a  Doppler 
system  flying  over  water  as  compared  with  the  same  system  flying  over  land. 
This  is  very  well  known  and  documented  and  there  are  three  principal  sources 
of  such  errors,  namely  • 

1.  Error  due  to  the  change  of  backs cattering  coefficient  as  incidence  angle 
is  changed. 

2.  Error  due  to  the  apparent  movement  of  the  water  surface,  this  being  wind 
induced, 

3.  Errors  due  to  bulk  movement  of  the  water  promoted  by  tidal  flow. 

There  are  many  approaches  to  the  reduction  of  these  errors  involving  automatic 
and  manual  methods  but  it  is  not  the  concern  of  this  paper  to  describe  these 
again  since  most  have  already  been  adequately  treated  in  the  literature. 

There  is,  however,  a  type  of  water  aberration  which  has  not,  so  far  as  the 
Author  is  ewere  been  hitherto  described,  This  has  been  Informally  raftrred  to 
as  "Medeterranean  Sea  Effect"  since  it  was  first  noted  off  the  south  coast  of 
France  and  la  an  extreme  case  of  the  error  due  to  backscatter  change. 

In  order  to  explain  the  origin  of  this  effect  it  is  first  necessary  to  examine  the 
character  of  the  error  as  normally  experienced. 

It  Is  well  known  that  the  energy  scattered  back  from  land  Is  relatively 
independent  of  the  Incidence  angle  over  a  fairly  wide  incidence  angle  range. 
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i  Over  water  however,  It  is  found  in  general  chat  the  calmer  the  water  the  more  rapidly 

I  does  backscatter  increase  as  the  incidence  angle  approaches  the  normal. 

I 

f  The  curves  usually  considered  as  accurate  indicate  that  over  calm  water,  the 
i  backacattered  energy  changes  at  a  rate  of  up  to  1. 2  db/degree  of  incidence  change 

!  whereas  over  rough  water  the  figure  is  about  one  half  of  this  value.  The  effect  of 

this  is  to  enhance  the  signals  from  the  steeper  part  of  the  beam  thus  enhancing  the 
A-  lower  doppler  frequencies  and  so  distorting  the  spectrum  and  leading  to  an  underread 
'  of  velocity, 

This  underread  can  be  corrected  by  a  number  of  known  methods  and  no  problem  arises 
provided  the  signal  received  by  the  main  beam  is  the  only,  or  at  least  the  dominant 
signal  in  the  receiver  passband. 

Antenna  Design  Criteria  In  order  to  ensure  that  this  criterion  is  observed,  it  is 
customary  to  design  the  antenna  radiation  pattern  such  that  the  main  beam  signal 
is  always  greater  than  any  side  lobe  signal,  account  being  taken  of  the  backscatter 
value  in  the  direction  of  each  lobe. 

Since  the  normally  accepted  value  for  the  maximum  change  of  backscatter  with 
incidence  angle  is  about  1. 2  db  per  degree  over  calm  water  and  assuming  a  doppler 
main  beam  depression  angle  of  67°,  it  is  clear  that  the  rise  in  backacattered  signal 
between  67°  and  the  vertical  i,  e.  90°  position  will  be  1. 2  x  (90  •  67)  ■  27, .6  db. 

The  two  way  side  lobe  suppression  must  therefore  exceed  this  value  and  would 
!  usually  be  set,  in  a  prudent  design,  at  about  -45  db. 

The  "Mediterranean  Sea"  Effect  Such  a  system  operates  entirely  satisfactorily 
over  most  surfaces  but  in  certain  isolated  geographical  areas  an  abnormality  occurs. 
This  was  first  noted  in  the  Mediterranean  sea  off  the  south  coast  of  France  when 
investigations  and  mtasurtments  showed  that  there  was  a  signal  present  due  to  an 
antenna  side  lobe  which  signal  exceeded  the  main  beam  signal  by  6  db. 

Since  the  side  lobe  (two  way)  was  *-45  db  with  respect  to  the  main  beam  and  situated 
16  degrees  from  it,  it  would  be  natural  to  expect  that  the  side  lobe  signal  would  be 
at  »45  +  (1. 2  x  16)  ■  -25. 8  db  with  respect  to  the  main  beam  signal.  There  was  thus 
an  (unexpected  enhancement  amounting  to  25. 8  +  6  db  ■  32  db  or  2  db  per  degree. 

The  inescapable  conclusion  to  be  drawn  from  this  is  that  over  the  angular  range 

I  considered  the  rite  of  change  of  the  scattering  coefficient  was  at  least  3.2  db/degree. 

In  fact,  it  ia  clear  from  a  study  of  the  recorded  spectra  that  the  law  is  normal  over 

i  the  angular  range  67  degrees  to  72  degrees  but  then  becomes  markedly  steeper  so 

:  that  over  the  range  between  72  degrees  and  83  degrees  the  rate  of  change  is  no  less 

|  than  4.5  db  per  degree. 

!• 

j 

]  Since  it  is  usual  to  design  a  system  so  that  the  tracker  locks  to  the  largest  signal 
in  the  passband,  It  Is  clear  that  a  false  spectrum  as  described  could  provide 
j  substantial  and  undetected  errors. 


The  water  surface  which  gives  rise  to  this  phenomenon  consists  of  a  long  wavelength 
swell  with  capillary  waves  superimposed  the  two  patterns  being  more  or  less 
orthogonal.  It  is  not,  therefore,  a  calm  sea  phenomenon. 


No  explanation  for  the  behaviour  has  been  derived  but  it  seems  possible  that  over  a 
certain  limited  angular  range,  the  water  surface  forms  a  series  of  geometric  shapes 
which  behave  similarly  to  corner  reflectors. 


Although  this  effect  was  first  noted  off  the  south  coast  of  France  it  has  also  been 
noted  in  the  Stockholm  Archipelago  and  in  an  area  off  the  coast  of  Japan.  It  is 
virtually  certain  that  it  is  also  to  be  found  elsewhere. 

The  method  of  overcoming  the  effect  will  depend  on  the  details  of  the  equipment 
concerned  but  substantial  Improvement  of  sidelobes  at  the  expense  of  some  beamwldth 
increase  represents  e  good  starting  point  in  most  cases. 
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THE  RCTOR  BLADE  RADAR  AS  A  NAVIGATION  AND  APPROACH  AID 


D  ROGER 3 


A  ground  napping  radar  has  useful  properties  aa  an  aid  to  overland 
navigation  and  landing  ait#  approach.  Operation  is  largely  indeptndtnt 
of  light  level  and  weather,  and  tha  system  is  oonnletely  self-contained. 
For  satisfactory  and  reliable  oparation  however  tha  radar  must  oroduoe  a 
nap  of  sufficiant  rasclutlon  to  anabla  tha  pilot  easily  to  recognise  and 
identify  oomoon  faaturas  such  as  woods,  roads,  railways,  rivers  and  field 
boundaries. 


Sufficient  range  resolution  is  obtained  fairly  readily  by  using  a  short 
duration  pulse,  but  aaimuth  resolution  relies  upon  a  narrow  bearav/idth, 
requiring  a  horizontal  aerial  aperture  of  many  wavelengths.  For  example, 
to  match  the  range  resolution  of  a  5C  r.sec  pulse  (*\j  m)  at  a  rar.se  of’*  km 
requires  an  aaimuth  beamwidth  of  7.5  arid,  or  about  0.4s.  For  a'rsason- 

ably  tapered  distribution  this  implies  an  aperture  of  about  13c  wavelengths. 
•  s  accommodate  this  ir.  a  traditional  fuse lage-aeur. ted  scanner  would  necess¬ 
itate  a ^ very  high  radar  frequency  (o;  33s  for  l.o  r.  for  example but  there 
is  available  on  a  helicopter  the  much  wider  dimension  of  the  main  rotor 
blades,  conveniently  spinning  in  the  azimuth  plans,  and  if  this  is  utilised 
then  a  lower,  acre  conventional  frequency  oar.  be  used. 


At  &2R3  an  experimental  rotor  blade  radar  has  been  installed  and  flown  in  a 
Wessex  helicopter.  Clearly  the  major  technical  treble*  is  in  the  incorpor¬ 
ation  of  the  aerial  into  the  main  rotor  blade.  The  solution  finally 
adopted  is  sketched  in  Figure  t.  The  antenna  is  a  4  a  slotted  I-band 
waveguide  array  radiating  through  the  trailing  ed<re  which  is  constructed  of 
glass/resin  skins  and  a  paper  honeycomb  core.  The  aerial  is  situated  at 
the  inboard  end  of  the  blade  and  is  fed  via  sections  of  flexible  and  rigid 
waveguide  from  a  rotating  joint  housed  in  ar.  assembly  on  the  rotor  hub.  A 
waveguide  connection  is  made  from  the  other  port  of  the  rotating  joint  to 
the  radar  via  the  hollow  drive  shaft  of  the  main  gearbox.  The  assembly 
also  contains  s  digital  shaft  encoder  to  measure  rotor  oosition  and  there¬ 
fore  aerial  pointing  angle. 


The  method  of  antenna  oonstruotion  leaves  ths  blade  profile  unaffected,  and 
in  the  particular  ease  of  the  V/essex  the  blade  weight  and  balance  is  un¬ 
changed  (but  it  does  not  follow  that  this  can  be  achieved  with  any  helico¬ 
pter  blade).  The  pitch  angle  of  the  blade  is  of  course  always  mositive, 
and  varies  oyclieally  in  translational  flight.  To  achieve  reasonably 
uniform  coverage  the  peak  of  the  beam  in  elevation  is  deflected  upwards  by 
foil  reflectors  in  the  skir.3,  narrow  in  the  'lomer  surface  ar.d  wide  in  the 
lower.  I  ires  are  a" so  emb-Jded  ir.  the  skins  to  improve  the  match  at  the 
dielectric/air  interface.  Figure  2  shows  the  achieved  radiation  patterns. 

The  main  characteristics  of  the  aerial  are 
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Length 

Azimuth  beamwidth 
Slevation  beamwidth 
Gain 

Rotation  Rata 


0.5° 

40 6 

31.5  dB 
1300°/a»c 


The  radar  la  installed  in  and  controlled  iron  a  console  in  the  main  cabin  of  the 
helicopter,  but  an  additional  display  is  installed  in  the  instrument  panel  of 
the  left  hand  pilot's  position.  The  displays  use  direct  view  storage  tubes 
giving  a  green  picture  bright  enough  for  easy  viewing  in  daylight.  Che  main 
parameters  of  the  radar  are  : 


i 


i 


t 


Frequency 
Peak  Power 
Pulsewidth 
P.r.f . 

Display  Scale 


I -band 
30  ktf 

50  nsec,  100  nsee 

6  kHz,  10  kHz ,  20  kHz 

0.5  km/radius  to  10  kra/radiua 


The  relatively  high  p.r.f. 'a  are  necessary  not  only  to  keep  up  the  magnetron 
duty  cycle  and  therefore  the  mean  power,  but  also  to  ensure  a  reasonable  number 
of  hits  on  an  individual  target,  since  the  narrow  beamwidth  and  high  scan  rate 
impose  a  dwell  time  on  target  of  only  about  0.4  mseo.  This  short  dwell  time 
also  sets  a  limit  to  the  radar '3  maximum  range,  since,  when  the  trar.smit-to- 
receive  time  interval  becomes  a  significant  fraction  of  the  dwell  time,  the 
transmit  and  receive  beams  cease  to  be  co-incident.  This  'scanning  less" 
amounts  to  about  }  d3  at  km  range,  and  6  d3  at  55  km.  Much  sherter  ranges 
than  this  however  are  adequate  for  en-rcute  navigation  and  approach  purposes, 
and  in  practice  it  is  found  that  range  scales  of  2  km/radius  and  5  ha 'radius 
are  the  meat  generally  useful. 


The  system  has  been  flown  over  a  variety  of  terrains,  including  rural  and  urban 
areas,  and  coastlines.  The  most  striking  feature  of  the  radar  over  rural  terr¬ 
ain  is  the  clarity  of  the  field  patterns!  this  is  to  be  expected  since  the 
dominant  upstanding  targets  over  open  countryside  are  the  hedges  and  trees  of  the 
field  boundaries.  Roads,  railways  and  rivers  are  rea-'ily  identified,  again 
primarily  because  of  the  growth  alongside  them.  “ir.ee  field  boundaries  are  net 
usually  shown  or.  a  Survey  mao,  some  practice  is  necessary  to  relate  it  readily  to 
the  radar  picture,  but  the  art  is  quickly  acquired,  and  on  a  number  of  exercises 
using  different  subjects  pre-planned  routes  were  flcwr.  with  very  little  difficulty. 


Given  an  identifiable  landing  site  (and  by  its  nature  it  usually  is  readily  ident¬ 
ifiable)  approach  is  very  straightforward;  the  shortest  range  scale,  with  the 
origin  offset  to  the  bottom  of  the  display,  gives  a  picture  of  the  ground  to  1  km 
in  front  of  the  airoraft,  allowing  the  pilot  easily  to  tpcroach  to  a  few  hundred 
metres  of  his  landing  point.  Height  of  oourse  is  not  directly  given,  and  an 
altimeter  of  some  sort  is  necessary  to  define  a  glide  path. 


Conclusions.  The  rotor  blade  radar  experiment  has  successfully  demonstrated 
that  a  mapping  radar  of  a  reasonably  high  resolution  is  a  very  useful  navigation 
and  approach  aid  z o  a  helicopter  flying  in  conditions  of  poor  visibility.  The 
use  of  the  main  rctor  blade  to  carry  the  aerial  enables  sufficient  resolution  to 
be  obtained;  while  it  is  not  easily  incor-crated  into  ar.  existing  blade  design, 
it  should  be  relatively  straightforward  to  include  it  ir.  the  integrated  design  of 
a  new  blade  (not  necessarily  for  a  new  helicopter)  if  the  potential  market,  civil 
and  military,  should  prove  sufficient  to  justify  it.  Mo  detailed  estimates  cf 
the  likely  costs  cf  development  and  manufacture  have  yet  been  undertaken,  but  it 
is  likely  that  the  price  will  be  fairly  high;  it  remains  the  case  however  that  the 
centimetre  radar  is  the  only  current  self-contained  technique  whoee  performance  is 
largely  independent  of  weather  and  visibility  conditions. 


